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(What does this suggest to you?) ; : 


This fact hopefully suggests —- to those contemplating the 
start (or expansion) of such a service — something about 
.. this instrument and the organization behind it. Other com- 
o he Magnascanner is far and away the 
instrument most. widely used for diagnostic purposes by 
new or established Nuclear Medicine Departments; nearly 
, 2000 hospitals are now serviced by Picker Nuclear. (Most 
Radioisotope Departments start with us and seem to 
stay with us.) 
More. In less than 10 years the Magnascanner has become 
the keystone instrument in most Departments of Nuclear 
Medicine. This was the instrument that helped Nuclear 
Medicine specialists develop radioisotope diagnosis from 
a limited research technique to a practical, valuable, every- 
. day, reliable, routine methodology. And in this rapidly- 
^| changing decade, the instrument changed too: multiple 
improvements and options were (and are always being) 
incorporated, making this the most up-to-date scanner 
available. Simultaneously, our line of other instruments for 
Nuclear Medicine expanded to the point of being the 
widest around. Nevertheless, nothing anyone has been 
able to. do in this area (ourselves or others) has served 
` to dislodge the Magnascanner from its keystone position 
in most Radioisotope Departments. 
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service too by requesting our new brochur i 


i nm 
Picker Nuclear, 1275 Mamaroneck Avenue, White Plains, N. Y. 10605 Ff W \. 





























Now more. about the new Magnascanner's versatility. Every 
new Magnascanner has both automatic and manual modes g 
of operation—the new automatic mode speeds and simpli 
fies set-up and self-checks the entire photo-recording sy 
term prior to the scan. And this is the only scanner f$ 
supplements the usual black and white data presenta 
with "colorscanning" (both photo and dot) which provi 
semi-quantitative radioisotope distribution pictures, Th 
Magnascanner also offers: the widest choice of collimato! 
an ability to upgrade (easily) from a 3” detector Sys! 
wel suited to the needs of the beginning program ta 
faster 5" system, exclusive subtraction and two-g 
scanning, and dual-detector scanning. 
A few final words about our obligations to you. We & 
the premise that our obligations don't end at time 4 
livary. We not only instail the instrument and show yo 
to use it, but we feel it our obligation to help tr; 
sonnel when an institution new to this field dog 
experienced personnel on staff. We have othe 
to you which. our people. are happy: to. deta 
while, consider further the choice of the ! 
(and the Picker commitment to you) as the k 








Can you see things better if e ey: bigger? Such es pictures of | Pa 
od dee strit oution? Perhaps, . 
Or perh aps you ll simply find no mae convenient to neve a "super i ' 
Seinen to" g as life, in a tici correspondence Sat een ihe 05 
gamma-emitting organ you want to seize and its recorced image. 
More conven ent, say, in compari" if . scintiphoto to a 'ediograph. 


ty 
That's why we've Ces ned the Ph oto/Scope Hl. i£ snaps on one of ; 
the twin T on ti p : Pho Gamma Ili console. Has iis own X-ray film Ct 4 ) 
ti i i sharp, life- is ~ 1 ^ 
€ aoe 





casette. Uses standard 11" x 14" film. Makes it easy to get shi Aach in ike 

size images of the Or ien 5 area you re investigating. Servite of Mankind 
Photo/Se ope lll is only one of the many new data display, manipula- 

tion, and analysis options now oe for the Pho/Gamma ii, 

(Examples: Multidit nensional analyzer, fast digital printer, 35-mm Q 

automatic time-lapse camera, chart recorder, computer-compatible 


e 
magnetic tape system for rapid dynamic studies.) NUCLEAH-CHICAGO 
Which means You should call your local Nuciear-Chicago sales 
engineer soan. Or write to us and we'll send you the facts. CORPORATION 
(We're assuming you eae) know about Pho/Canma kand is. A SPSOIBIAPEDE E GSR Ane eee: 
proved clinical advantages. If not, introductions are in order. Just ask 907 Howard Avenue, Des Plaines, IIl. 60018, U.S.A. 


us for the full Pho/Gamma lil story.) «s Donker Curtiusstraat 7, Amsterdam WT he NetiPriauds : 


Big as life. 


-to-1 scintiphotos: Now you can make them with 
our new Photo/Scope Ill attachment for the Pho/Gam: ma? HI Scintillation Camera. 








THE NEW. Life size 
on conventional X-ray fiim. 





THE FAMILIAR. 3" x 4" 
on Polaroid im, 
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Scintiscanning of the lungs now offers a new approach to the 
diagnosis of pulmonary disease.' With use of macroaggregated 
radio-iodinated I?! albumin, tung scanning has been found to 
be simple, rapid and relatively safe," and is invaluable as an 
adjunct to other diagnostic procedures whenever information 
about pulmonary vasculature is desired. 


Perhaps the most useful application of the lung scan has been 
for the early detection of pulmonary embolism where "...it 
appears that the lung scan can point to the site of embolic 
lesions before signs of lung infarction are recognizable on plain 
chest films. This is important, for with the development of new 
means of treating pulmonary embolism, the need for improved 
diagnostic ability has increased. For example, the availability of 
anticoagulant drugs to prevent further thrombosis and of proteo- 
lytic agents to dissolve thrombi already formed, the use of 
surgical therapy (such as ligation or plication of the inferior vena 
cava and even pulmonary embolectomy) — all require more 
accurate diagnostic procedures. 


Of course, pulmonary arteriography can give an immediate 
positive demonstration of an obstruction in the pulmonary circu- 
lation as soon as it occurs, but this procedure is time consuming 
and technically difficult to perform. It necessitates injection of 
large quantities of high density contrast medium directly into the 
pulmonary artery, and it also requires cardiac catheterization 
(with some risk of dislodgement of venous thrombi}. Moreover, 
experience has shown that patients with pulmonary hypertension 
may tolerate injections of contrast material poorly, Other exami- 
nations, such as x-ray study of the chest and electrocardiog- 
raphy, are rarely definitive." 


in contrast, lung scanning with Albumotope-L is a simple and 
direct adjunctive measure; reliable and virtually without risk of 
morbidity to the patient. And unlike puimonary arteriography 

it does not require cardiac catheterization and involves only 
minimal inconvenience to the patient. All that is required is the 
i.v. administration of a relatively small amount of the isotope. 
And the test may be supplemented with other procedures when 
necessary. 


Although the lung scan has been used most frequently for the 
detection of pulmonary emboli, it can provide useful information 
in the diagnosis and evaluation of other puimonary problems. 
For example, a recent report" in the September, 1966, issue of 
Circulation discusses the potential applicability of the technique 
in the detection and assessment of mitral valve disease. Accord- 
ing to the authors, the technique has been found useful in 
screening patients with clinical findings of mitral valve disease 
who were not considered symptomatic enough to warrant car- 
diac catheterization...in the preoperative study of patients so 

ill that left heart catheterization was unusuaily hazardous...and 
in determining whether the pulmonary venous pressure is ele- 
vated in patients with known Severe pulmonary arterial hyper- 
iension. In these latter patients it is often difficuit to measure 
pulmonary arterial wedge pressure reliably and the more exten- 
sive manipulations necessary for left heart catheterization may 
be poorly tolerated. Thus, assessment of the distribution of 
pulmonary arterial blood flow by lung scanning affords a means 
for determining the existence of pulmonary venous hypertension, 
which suggests the presence of potentially correctable lesions, 
such as mitral stenosis or cor triatriatum.* 


ee 


New radioisotope scanning 
procedure can help detect 

the vascular changes of 
pulmonary disease before they 
show on chest films 


Photoscan of lungs of female patient, aged 50, showing 
pulmonary emboli. Chest x-ray taken same day showed no 
raciographic evidence of pulmonary embolism.* 


Squibb Aggregated 
Radio-lodinated (I^) Albumin (Human) 









Relterences: 


(1) Quinn, J. L., IH; Whitley, J.E. Hudspeth, A. S., and Prichard, R. W.: 
Radiclogy 82:315 (Feb.) 1964. (2) Sabiston, D. C., Jr, and Wagner, H. N., Jr.: 
Ann. Surg. 160:575 (Oct) 1964, (3) Haynie, T, P.; Hendrick, C. K, and Schreiber, 
M. Ho J. Nucl. Med. 6:613, 1965. (4) Wagner, H. N., Jr., et al: New Eng. d. 
Med. 271:377 (Aug. 20) 1964. (5) Quinn, J. L.,, HI; Whitley, J. E., Hudspeth, 

A. S., and Watts, F. C.: J. Nucl. Med, 5:1 (Jan.) 1964. (6) Friedman, W, Fa and 
Braurwald, E. Circulation 34:363 (Sept. 1966, 

Dosage and Scanning Procedure: Recommended scan doses of 150 to 300 
microcuries of aggregated radioiodinated (1!3!) albumin depending on the 
instrumentation available and the technics employed, Scanning immediately 
icllows administration of slow intravenous injection. Patient may be placed in 
a prone or supine position. 

Side ZHects and Precautions: Radioisotopes should not be used in pregnant 
women, nursing mothers, or in patients under 18 years of age uniess indica 
tions are very exceptional. 

There have been no reported cardiovascular or other untoward effects 
attributable to Aibumotope-LS. Extensive clinical use ot Aibumotope-LS has 
not borne out the hypothetical possibility that particles of large size might 
induce deleterious cardiovascular or cerebrovascular effects. The product 
appears to possess no antigenic properties. One patient with a known history 
o! angioneurotic edema, who had been given Lugol's solution in conjunction 
with aggregated radioalbumin similar to Albumotope-LS, developed urticaría. 
Available: As a sterile, non-pyrogenic, aqueous suspension. Each cc. contains 
approximately 1 mg. aggregated human serum albumin labeled with 800-1500 
microcuries of lodine-131 at time of manufacture, Also contains 0.9% benzyl 
aicohol as a preservative. 


“tlustration furnished through the courtesy of George V. Taplin. M.D., Harbor 
General Hospital, Torrance, California. i 


'The Priceless Ingredient’ of every product 
SQUIBB is the honor and integrity of its maker. 


- T. 





CASUALTIES -transport and care 


through X-ray department 





or operation 


—> on the same mattress 





ELEMA-SCHONANDER 


e 
, Write for details of the E-£ system for transport and care of casualty patients. 
= | ELEMA-SCHONANDER, INC. * P.O. BOX 130 * MOUNT PROSPECT * ILLINOIS 60056 


Telephone 312 259-7206 


CLEAR CHOICE IN. 
HYSTEROSALPINGOGRAPHY 


WATER-SOLUBLE CONTRAST MEDIUM 


SALPIX 


0.53 Gm Sodium Acetrizoate and 0.23 Gm Polyvinylpyrrolidone per cc 


Fast, safe, accurate radiopaque visualization 
without irritation, residue, or pain 





ORTHO PHARMACEUTICAL CORPORATION « RARITAN, NEW JERSEY 





CONTRAINDICATIONS --Contraindications to hysterosalpingography include the presence of severe 
vaginal or cervical infections, existing or recent pelvic infection, marked cervical erosion or endocervicitis, 
and pregnancy. The procedure is contraindicated during the immediate pre- or post-menstrual phase, 
SENSITIVITY—If indicated in the patient's history, an intracutaneous skin test or sublingual absorption 


observation may be done with 0.1 cc SALPIX, WARNING — Not for intravenous use. Gore 1268 











$: 
y 
E 

i 


* 





E 
ONE 


MIB 
SENAN 


JA QUEARIS x d s - 


nti 


DUET. 
Es CNS 
SS UNT 

SUASIT 








vl p VOCS me | 5500 camera system challenge you 
The Digital Autofluoroscope® is 5.5 years old. Clea rly, itis ahead cf its time. However, 14 systems 





are in routine clinical use today. Each of these units was individually built by our Engineering De- 
partment. It has been engineered, engineered, engineered until new this final design has evolved 
and is béing produced routinely in quantity by our Manufacturin 2 = 
Department. It is ready for you. Call for an appointment. 33 Univers ty j; - 

Road, Cambridge, Massachusetts 02138, Telephone: 617 864-7420 BAIRD: ATOMIG 
Baird-Atomic Europe, The Hague, The Net! ] | 
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Please send me a copy of the book(s} checked 
on 30-day approval, At the end of 30 days | may 
keep the book(s) and pay for itthem) or return 
ititigem) and owe nothing on the one(s) returned. 
| understand that ! can save delivery charges 
by including my remittance with this order. 


£" Margulis - Burhenne, ALIMENTARY TRACT 
" ROENTGENOLOGY, 2 volumes, $65.00. 


(] Merrill, ATLAS OF ROENTGENOGRAPHIC 
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Now that you've bought all 
that expensive x-ray 
equipment, do you feel 
very alone? 





Don't, please. Not if you bought Profex- 
ray equipment. Here's why: 
Say you need a part our serviceman 
doesn't have in his kit, and our regional 
: office doesn't have in stock (it happens 
to the best of us, you know). Litton's 
Profexray Division guarantees shipment 
from the factory on the same day—even 
if we have to swipe it off the assembly 
line. (We actually had to do that a 
couple of times, and it caused a real 
Donnybrook—but we'd rather have our 
production people mad at us than have 
you unhappy.) 


Or, if the serviceman runs into an un- 
heard-of problem, a factory engineer will 
be there pronto. If he can't solve it, our 
chief design engineer shows up in your 
office. And if he isn't satisfied, a whole 
new set of equipment can ship out the 
next day. We haven't had to go that far 
yet, but the procedure is there if you 
need it. 

You see, any radiological-equipment 
company depends on a small group of 
customers who buy its apparatus over 
and over again. One mistake, and they're 
in trouble. 


Litton's Profexeay Division plans neve-— 


^to make thaé mistake. We must be doin 


all right, because our business is Sod 
by fps and bounds. 

Our job doesn't stop when we deliver” 
top-quality equipment to you. We makes 
sure it works, too. And work}, and works 

Maybe you'll be our neyt customer 
If you are, we promise one thjng for sure 

You'll never be alone. 


DIVISION OF LITTON INDUSTRIES 


515 East Touhy Avenue * Des Plaines, Illinois 6001& 
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A BIOLOGICAL CONSIDERATION OF 


AN ATLAS OF PATHOLOGIC PNEU- 
MOENCEPHALOGRAPHIC ANATOMY by 
Giovanni Di Chiro, National Institute of 
Neurological Diseases and Blindness, Be- 
thesda, Md. (2 Contributors) Jan. '68, 594 pp. 
(11 x 814), 926 il. (5 in color), $49.50 


CASE OF THE DAY by Benjamin Felson 
and Jerome F. Wiot, both of Univ. of Cin- 
cinnati, Ohio. '67, 96 pp. (634 x 934), 91 il, 
(Amer. Lec. Roentgen Diagnosis edited by 
Lewis E. Etter), $8.50 


PRINCIPLES OF RADIOGRAPHIC EX- 
POSURE AND PROCESSING (2nd Ed, 4th 
Ptg.) by Arthur Fuchs, Rochester, N. Y. '67, 
300 pp. (7 x 10), 600 iL, $10.50 


SPEAKING AND WRITING IN MEDI. 
CINE: The Art of Communication by Clifford 
F. Hawkins, Birmingham, England. '67, 178 
pp. 28 il (1 in color, (Amer. Lec. Living 
Chemistry edited by L Newton Kugelmass), 
$8.50 | 


CANCER OF THE STOMACH: A Clinical 
Guide for Diagnosis and Treatment by John 
R. Kelsey, Jr, Baylor University College of 
Medicine, Houston. (5 C ontributors) '67, 84 pp. 


5 il, 9 tables, $4.75 


EI. 


o 


pp. (7 x 10), 94 il, 11 tables, $9.75 


ROENTGENOGRAPHIC DIAGNOSIS OF 
BLADDER TUMORS by Erich K. Lang, 


E 


Methodist Hosp., Indianapolis. Jan. '68, 132: 


RADIOLOGY AS AN ART AND OTHER 
ESSAYS by John L. McClenahan, H ospital of 
the University of Pennsylvania, Philadelphia. 
67, 104 pp. 3 il, $5.75 | 


CANCER IN PREGNANCY by Larry Mc- 
Gowan, Hahnemann Medical College and Hos- 
pital, Philadelphia. '67, 160 pp., (Amer. Lec. 
Living Chemistry), $7.50 
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18 ANSWERS 10 YOUR PROBLEMS IN ROENTGENOLOGY 


Offering New Techniques . . . New Procedures 





BY INTEGRATED 
RADIATION AND OPERATION compiled 
and edited by Benjamin F. Rush, Jr, and 
Robert H. Greenlaw. Both of Univ. of Ken- 
tucky College of Medicine, Lexington. (40 
Contributors) Feb. '68, about 228 pp. (7 x 10), 
58 iL, 82 tables. 


“| NUCLEAR EXPLOSION CASUALTIES: A 


Presentation and an Evaluation of Biologicas, 
Technical and Other Information for Over- 
All Medical Planning by Evert Schildt, Jr., 
Swedish Research Institute of National De- 
fense, Stockholm. Feb. '68, about 186 pp. 


ILLUSTRATIVE CRANIAL NEURORADI. 
OLOGY by Alfred L. Schmitz, University of 
California, Los Angeles; Samuel B. Haveson, 
University of Southern California, Los Angeles; 
and Duke Hanna, Freeman Memorial Hosp., 
Inglewood, '67, 404 pp. (815 x 11), 532 il (1 in 
full color), (Amer. Lec. Roentgen Diagnosis), 
$31.50 


ERROR AND VARIATION IN DIAGNOS. 
TIC RADIOLOGY by Marcus J. Smith, Sz. 
Vincent Hospital, Santa Fe. '67, 208 pp. 68 il, 
18 tables, $8.75 


TREATMENT FOR CHROMOPHOBE 
ADENOMA by Hendrik J. Svien and Malcolm 
Y. Colby, Jfr, both of Univ. of Minnesota, 
Rochester. '67, 116 pp. (634 x 934), 60 iL, 15 
tables, $7.50 


CLINICAL RADIOISOTOPE SCANNING 
by Yen Wang, Univ. of Pittsburgh, Pa. '67, 
2600 pp. (634 x 934), 280 il, 8 tables, (Amer. 
Lec. Roentgen Diagnosis), $12.50 


ADVANCES IN DYNAMIC RADIOACTIVE 
SCANNING compiled and edited by Yen 
Wang. (9 Contributors) May 768, about 13] 
pp. 19I iL, 7 tables. 


MAMMOGRAPHY by John N. Wolfe, 
Woman's Hospital (Hutzel Hospital), Detroit. 
‘67, 168 pp. (814 x 11), 191 iL, 25 tables, $12.50 


RADIOLOGICAL PHYSICS (2nd Ed.) by 
M. E. J. Young, British Columbia Cancer In- 
stitute, Vancouver. '67, 616 pp. 244 iL, $16.50 
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2 x ER QU. UM" mo aguas co qos 
SUPPLIED: 100, 200 | | | rl EA. ^ United. iy Falan. i ww € A 
or 300 mCi at noon, | 
New York time, on Mondays 
following shipment; 


container, with complete | 
eluting accessories. 
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AS YOU NEED IT, 
ALL WEEK LONG 
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33Mo/39mTc Sterile Generator 
FAST...EASY...ECONOMICAL 








m high-yield...high chemical purity 
m multiple daily elutions possible 
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PRECALIBRATED 
READY-TO-USE 


TM 


INDICATIONS: Brain scanning. CONTRAINDICATIONS: sodium pertechnetate Tc 99m 


E Should not be: administered. to pregnant or lactating SUPPLIED: In lead-shielded vials in con- 
women, or to patients under the age of 18 years, except..." venient COMPUTERCAP™ packaging; 10 or 
whén necessary diagnostic information cannot be ob- 15 mCi at the time of calibration. 


tained by other types of studies or can only be obtained 
at a risk greater than the radiation exposure caused by 
this drug. WARNINGS: As with all radiopharmaceuticals, 
dose should be limited to smallest reasonable amount 
consistent with greatest value in terms of relevant diag- 
nostic information. PRECAUTIONS: Approved radiation 
safety precautions should. be maintained at all times. 
ADVERSE REACTIONS: None reported to date; however, 
patients. should be carefully observed.. DOSAGE AND 
ADMINISTRATION: 2 to 10 mCi, administered by intra- 
venous injection. 


Physicians should consult product package insert before 


administering. 
ees NEISLER LABORATORIES, INC. 
Subsidiary ot 


UNION CARBIDE CORPORATION 
"T" Radiopharmaceutical Dept. 
ULIS P.O. Box 433, Tuxedo, New York 10987 
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Diagnostic Remedy: m 
Excretory urography with Hypaque" 50% 


4 Diagnostic Advantages: 


1. Precisely defined urograms of kidneys, ureters, 
and bladder, with valuable information about 
their functional status. 


2. No interference with functional activity 
(sometimes a problem with instrumentation). 


3. No age limit to the procedure. 
4. No anesthesia required. 


Warning: Do not use Hypaque sodium for myelography. Injection of even a small 
amount into the subarachnoid space may produce convulsions and result 
in fatality. 


Contraindications: Advanced renal destruction associated with severe uremia, 
and multiple myeloma. 


Precautions: Caution is advised in patients with hyperthyroidism, hypertension, 
severe cardiovascular disease, active tuberculosis, and a history of asthma or 
other allergy, especially to iodine. Because of the possibility of temporary 
suppression of urine, it is wise to allow an interval of at least 48 hours before 
repeating retrograde or excretory urography in patients with unilateral or 
bilateral reduction of normal renal function. 


Preventive Measures: The following precautions have been recommended to heip 
prevent reactions in intravenous urography: (1) obtain a history of personal and 
familial allergies (for example, bronchial asthma, hay fever, and eczema), of 
previous iodine studies and of sensitivity to iodine and other drugs, (2) make a 
preliminary sensitivity test, (3) give preliminary antihistaminic medication, and 
(4) have medications on hand for emergency use. 

Side Effects: Excretory urographic agents may produce symptoms of an 
anaphylactic* nature in sensitive persons. Patients should be watched carefully 
during injection as serious reactions, including fatalities, have occurred with ail 
commonly used mediums. Although allergic reactions generally occur quickly, 
occasionally they may not be manifested for 10 or even 15 minutes. Warning 
signs and symptoms of possible intolerance or allergy include respiratory 
difficulty (wheezing, dyspnea or sensation of suffocation, and tightness in the 
throat or chest), sneezing, itching or urticaria, nausea or vomiting, and fainting. 
Minor reactions, such as nausea, vomiting, excessive salivaticn, flushing, 
dizziness, urticaria, and muscular twitching may occur. Special care is advisable 
in persons with a history of bronchial asthma or other allergic manifestations of 
sensitivity, especially to iodine. Infrequently "iodism" (Salivary gland swelling) 
appears two days after exposure and subsides by the sixth day. In euthyroid 
patients following excretory urography with Hypaque, protein-bound iodine is 
elevated and the thyroid 1?! uptake is lowered, returning to normal after the 
3rd and 4th day respectively. 


Supplied: In sterile aqueous solution, Ampuls of 30 cc. (with 1 cc. test ampuls), 
hee age 25. Also, rubber stoppered vials of 20 cc. and 30 cc., boxes 
of 1, 10 and 25. 


*Physicians should study the package insert for information on preventive measures and 
management of untoward reactions before administering Hypaque (diatrizoate sodium). 


Urograms with excellent anatomical detail 


H i 50% 
ypaqu e O Write for illustrated booklet 


(sodium) containing complete information 
brand of SOdium diatrizoate 
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We want you to see every- 
thing you're looking for in our 
films. For this very reason, we 
join Samuel L. Beranbaum, 
M.D., and his associates in 
the publication of this book. 
Dr. Beranbaum is Clinical 
Professor of Radiology at New 
York University Medical 
Center and is a well-known 
authority on gastrointestinal 
radiology. 


CRONEX® 


IG, wh, tat 


Fiuoroscopy & Radiography 


of the Gastrointestinal Tract 





His monograph contains 
144 pages and 250 illustra- 
tions. Includes chapters on 


Nasopharynx 


Pharynx and Cervical 
Esophagus 


Thoracic Esophagus 
Stomach and Duodenum 


The Pancreas— 
Barium Evaluation 


The Postoperative Stomach 
Small Intestines 
Colon 


X-ray Products 


m 


Each subject is thoroughly 
discussed. For example, the 
chapter on the Pharynx and 
Cervical Esophagus covers 
Conventional Examination, 
Foreign Body Technic, Swal- 
lowing Mechanism, Barium 
Studies (Conventional and 
Cine). 

This book will be a valuable 
aid to you and your staff. Use 
it for training your people and 
for establishing consistent 
standards of Diagnostic 
Clarity. 

Ask your Du Pont Technical 
Representative for copies. 


* 
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or a clear picture 
rep the colon 
vith pleasant-tasting 


CPREP Liquid 


andardized extract of senna fruit) 















ecifically designed for preradiographic bowel evacua- 
n, X-PREP Liquid permits excellent visualization in 

P dn urologic roentgenography. 

) significant gas shadows. No residual oil droplets. 
PREP Liquid reduces or eliminates the need for enemas 
ior to radiography. 


id delicious X-PREP Liquid gives a welcome reprieve 
> your patients from the obnoxious taste of castor oil. 


sy-to-take, X-PREP Liquid is also easy to administer. 
emixed and premeasured, this effective bowel evacuant 
mes in small. single-dose bottles —to be taken between 
ind 4 p.m. on the day prior to radiography. Patients 
ould be advised to expect strong purgative action. 


ntraindication: Acute surgical abdomen. 

pplied: Ready-to-drink in 244 oz. bottles (complete adult dose). 
so available: \-PREP Powder (standardized senna concentrate). 
xed with water, % oz. canister provides complete adult dose. 


1AY PHARMACEUTICAL CO./ Yonkers, N.Y, 


SPYRIGHT 19857. GRAY PHARMACEUTICAL CO E ater 





um enema. 
h single dose of X-PREP 
Liquid —24 oz. Note absence of fecal retention. 
Courtesy of Statman., A, J.: An Effective Single-Dose 
Evacuant, J. M. Soc. New Jersey 63:95 (March) 1966. 
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a simple unit 
permits exposures 


14° by 56: 


Same table can also be used 
for routine radiography with 
or without bucky. 





For complete information contact 
your dealer or write to: 


b 





X-RAY d 


SCHICK X-RAY CO., INC. 
415 Green Bay Road « Wilmette, Illinois 60091 
Phone (312) 256-4700 





Total 
"ntegration... 
" Maximum 
fficiency 











General Electric integrated diagnostic X-ray systems are 
designed to empty your waiting rooms of impatient patients. 
With either system you can rapidly perform a wide variety 

of fluoroscopic and radiographic procedures without 
complex equipment changes or patient repositioning for 

each technic. No matter which system you select, you're 
assured complete control from a radiation protected console. 
And, you maintain the constant contact and command 
necessary for any efficient examination. 


Both systems provide for serialographic Bucky radiography 
with patient positioning, cassette alignment, collimator 
control and generator control, all handled from the operating 
Station. Accurate radiographic positioning is assured 
through fluoroscopic inspect on. Telegem features linear 
tomography delivering dynamic views of the subject. 
Teletrol provides for optiona video recording, 16-mm cine- 
filming and 70-mm spot-filming, while dynamic recording 
with the Telegem is achieved with optional video tape. 


The flexibility of these General Electric integrated x-ray 
systems speeds procedures for maximum patient flow with 
minimum effort. Whatever your work load — GI studies, 
orthopedics, GU examinations, skull studies, radiography — 
you'll save time with a GE "'time table” in your department. 


Progress is our most important product 


GENERAL © > ELECTRIC 


X-RAY DEPARTMENT . MILWAUKEE, WISCONSIN 53201 


h 
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FOR THE BUSY RADIOTHERAPY CLINIC — 
A time-saving atlas of isodose distributions precalculated 
by computers and based on measured physical data. 


NOW AVAILABLE -— à carefully selected collection of 91 isodose curves 


for the Theratron 60, and 124 for the Theratron 80 teletherapy units 
including open, parallel, opposed and multiportal fields as well as for 
rotational and arc treatments. 


Treatment planning need no longer be a laborious and time-consuming 
task — isodose charting of each patient becomes routine. 


This Atlas, used with the word-renowned Theratrons, ensures more 
precise and rapid application cf specified treatments than any other 
system provides. Full details are available on request — Please write. 


Another result of AECL's continuous research and development programs for the 
advancement of teletherapy. 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products - P.O. Box 93 - Ottawa - Canada 
TELEPHONE 728-1841 


CABLE "NEMOTA" 
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-stercow 99m 


Technetium - 99m 


For a long time the use of nuclear pharma- 
ceuticals based on radioisotopes of short 
half-life - such as technetium-99m - was 
restricted by geographical supply problems. 
But with the advent of isotope cows, in par- 
ticular the revolutionary Stercow 99m, the 
position has changed. Stercow 99m - any 
quantity - is despatched in disposable pack- 
ages during the weekend to wherever in the 
world you need it. Activity is pre-calibrated 
for the first day of use, usually Monday at 
18.00 hrs. M.E.T. and with elution efficiency of 
approximately 80% of the technetium in the 
generator guaranteed. Ordering is a simple 
matter of contacting the nearest Duphar 
representative, With Stercow 99m you need 


Nuclear Pharmaceuticals 


Any quantity. Expressed at the weekend in disposable packages 
to anywhere in the world. Activity precalibrated for Monday. 


never be without versatile technetium-99m. 
Further details will gladly be sent on request. 
Samples are available free of charge. 
Stercow 99m is manufactured by Duphar to 
the very high quality standards necessary 
for nuclear pharmaceuticals. A new design 
of sterile generator, it is available in three 
types with 150, 300 or 450 mc of the parent 
radioisotope Mo 99. Complete elution with 
15, 20 or 30 ml. When milked in the approved 
manner the resultant technetium-99m is ste- 
rile, non-pyrogenic and hence ready for im- 
mediate use - either orally or intravenously. 
The Duphar Shielded Stercow Milking Sys- 
tem gives additional safety and efficiency 
in the elution operations. 


mpl 


Contact our local representative or write 
direct to 

N.V. Philips-Duphar 

Cyclotron and Isotope Laboratories 

Petten - Holland 





Lakelled Compounds C14 H3 - Enriched Compounds D, C13, N15, 018 - Nuclear Chemicals - Nuclear Products for Industry 
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MODEL 100 






individually VN a 
loaded 

cassettes 
obsolete! 






The CHESTOMAT offers 


these advantages... 
LOADING * One simply loaded magazine holds 100 films, 14x17 
MAGAZINE « One receiving magazine for 1 to 100 films, 14x17 
* One set of intersifying screens--built into 
the apparatus 


100 FILMS 


14 x 17 e Automatic film transport for single or 
15 LBS. stereo technique 


...and these results... 


* Consistent high radiographic quality 
* Technician film loading time reduced many-fold 
« Maintenance and replacement costs on 
cassettes eliminated 
e Replacement crests of intensifying 
Screens eliminated 


n 


To improve, simplify, and economize 
in your chest examination program, 


learn more about the CHESTOMAT e Reduced traffic from radiographic to dark room 
through your X-ray dealer—or write to: 
SCHICK SCHICK X-RAY CO., INC. 


115 Green Bav Roads Wkmatte Iane EANG 
415 Green bay Road » Vi imette, jinge e004 7 


Phone (312) 256-4700 


X-RAY 
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SQUIBB 


a research concept in contrast visualization 


for better definition 
of disease: 
documenting 
differences 
between 

oral contrast agents 


no. 2 in series: 


Oragrafin 
Squibb lpodate 


maximum 
concentration 

with better patient 
toleration in oral 
cholangiography and 
cholecystography 


For rapid or routine studies of the gallblad- 
der and biliary ducts, Oragrafin provides 
rapid, more complete absorption, for maxi- 
mum concentration and excellent contrast. 


definition of maximum concentration 

high absorption index—“No one will dispute 
the statement that the diagnostic reliability 
of oral cholecystography depends upon the 
degree of absorption of the contrast me- 
* dium employed." Radioisotope studies with 
ipodate sodium show a markedly improved 


SS 
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absorption index (approximately 70 per 
cent) with no increase in the toxic proper- 
ties.! 


less bowel residue —"Incomplete and varia- 
ble absorption of a cholecystographic agent 
is not desirable, for the opacification of the 
gallbladder is then less dependent on the 
status of the gallbladder and more a re- 
flection of the percentage absorption.’ 
"Opaque material in the bowel was found 
in 46 per cent of [105 patients in] the... 
[iopanoic acid] group as compared with 9 
per cent of those [99] of the [Oragrafin So- 
dium Capsules]...group.”* In another study, 
49 of 100 patients receiving iopanoic acid 
had residue in the gastrointestinal tract, 
while only 15 of 100 patients receiving 
Oragrafin had such residue? 


excellent opacification—“|n addition to its 
ease of administration and safety, its prin- 
cipal advantages are a high yield of diag- 
nostic films...."^ 


definition of better toleration 

low incidence of untoward reactions — In 
contrast to findings with other cholecysto- 
graphic agents, Lewitan and Garcia? re- 
ported in their 246 patient study: "With 


» 


ipodate calcium...there was no clinical evi- 
dence of immediate or delayed nephrotox- 
ICity in any of the patients given it...."" To 
Study possible renal toxicity, ‘Creatinine 
clearance tests were also done before and 
aftér administration of multiple doses in ex- 
cess of 6 gm. in 8 cases, and showed no 
significant alterations.”> However. "Multiple 
doses beyond 6 gm. are not recom- 
mended."? In their study of 120 patients, 
Glenn and O'Brien reported "...no reac- 
tions in this series of patients attributable 
to the administration of [Oragrafin]...."4 
And, McCrory reported that Oragrafin was 
..USed routinely in cholecystographic 
studies in approximately 2000 patients with 
excellent diagnostic films and only rare and 
mild reactions. "9 


side effects compared to iopanoic acid 


side effects encountered in administration 
of 3 Gm. of Oragrafin Sodium Capsules and 
3 Gm. iopanoic acid * 


Oragrafin Sodium Capsules 


(Squibb Sodium lopanoic 
Ipodate) acid 
no. of cases 99 105 


no. of side effects 


———————— 


nausea 


slight 10 14 

severe 2 6 
ŘS 
vomiting 0 1 


———————————————— 


diarrhea 


mild y 22 

severe 3 16 
————— 
cramps 5 15 
dysuria 9 13 


———————— 


total/per cent 87 (82.97//; 


"Adapted from White, W. W., and Fischer, H. W.? 


Juhl,? in his study of 200 patients (100 on each agent), 
found no significant difference between iopanoic acid 
and sodium ipodate in the incidence of nausea: vomiting 


occurred in an equal number of cases. 





definition of convenience: . 
Oragrafin: 
Calcium 


Granules 
Squibb Calcium Ipodate 


visualization of poorly functioning gallblad- 
der reduces the need for I.V. studies — In a 
concentrating gallbladder, Oragrafin Cal- 
cium Granules (Squibb Calcium Ipodate) 
will show storage, concentration, delivery 
or stones. A patent biliary duct can gener- 
ally be expected to visualize. Provided the 
cystic duct is patent, Oragrafin will visualize 
the normal gallbladder, the abnormal gall- 
bladder containing papillomata, nonopaque 
stones or radiodense calculi, and gallblad- 
ders where concentrating power is dimin- 
ished. 


patient convenience — Routine cholecystog- 
raphy night-before procedure is easy for 
patients to follow; palatable granules fur- 
ther enhance patient acceptability. Rapid 
clearance of medium permits same-day ad- 
ministration and gallbladder and ductal 
films, anc, if necessary, same-day re-exam- 
ination; reduces need for I.V. studies. 


Optimal concentration in the hepatic and 
biliary ducts usually occurs within 1 to 3 
hours. Although the gallbladder is optimally 
opacified 10 hours after ingestion of the 
agent, diagnostically valuable information 
can often be obtained within 5 hours or less. 


rapid absorption permits 

same-day re-examination—To determine the 
cause of nonopacification after routine cho- 
lecystoaraphy, most physicians require re- 
examination by repeating the procedure at 
a later date (sometimes doubling dose), or 
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by administering more agent the evening of 
the first unsuccessful examination (again 
sometimes doubling dose), and repeating 
the study the next day. "The advantage of 
the calcium ipodate method is that the ex- 
amination can be completed in five addi- 
tional hours with a limited dose of contrast 
agent."7 


a valuable medium for 

peroral cholegraphy?— Rapidly absorbed 
from the gastrointestinal tract, calcium ipo- 
date has been reported by some investiga- 
tors to be diagnostically superior to other 
oral cholangiographic contrast agents. With 
careful timing of the examination and the 
use of tomograms or laminograms, the fre- 
quency of good results can approximate 
that obtained with intravenously adminis- 
tered agents. According to Lewitan and 
Garcia,» the medium's relative safety 
makes it a valuable medium for peroral 
cholegraphy. Timesaving and economical 
Oragrafin Calcium Granules may be partic- 
ularly useful in certain patients for whom 
I.V. radiography presents potential hazards, 
such as elderly patients, those with cardio- 
vascular disease, or patients who may 
exhibit sensitivity to the test dose of an in- 
travenous agent. 


Unique among oral media, Oragrafin Cal- 
cium Granules permits same-day films of 
the gallbladder and ductal system. 


dosage schedule for films of gallbladder 
and ductal system 


8 A.M. 2 packets of granules 


9 A.M. visualization of ducts 
10 A.M optimal visualization of ducts 
1 P.M. visualization of gallbladder 


References: 1. Sanen, F. J.: Amer. J. Roent- 
gen. 88:797 (Oct.) 1962. 2. White, W. W., and 
Fischer, H. W.: Amer. J. Roentgen. 87:745 
(April) 1962. 3. Juhl, J. H., et al.: Radiology 
80:87 (Jan.) 1963. 4. Glenn, J. C., Jr., and 
O'Brien, P. S.: Southern Med. J. 56:167 


in oral cholangiography 
and cholecystography 


Oragrafin 
Squibb Ipodate 


for maximum 
concentration with 
better patient toleration 


g a 


(Feb.) 1963. 5. Lewitan, A., and Garcia, J. F.: 
Amer. J. Dig. Dis. 10:219 (March) 1965. 
6. McCrory, E.: J. Tenn. Med. Ass. 58:258 


(Aug.) 1965. 7. Crummy, A. B.: Wisconsin 
Med. J. 65:84 (Feb.) 1966. 


Contraindications: Contraindicated for per- 
sons sensitive to oral iodine compounds or 
for patients with combined renal and he- 
patic disease or severe kidney impairment. 
Gastrointestinal disorders, which may inter- 
fere with absorption, or liver dysfunction, 
which may result in inadequate biliary se- 
cretion of medium, are likely to result in 
unsatisfactory visualization. 


Precautions and Side Effects: Mild and tran- 
sient nausea, vomiting, or diarrhea some- 
times occur; but the incidence can be 
reduced by using the calcium granules and 
restricting the dosage to 3 Gm. Transient 
headache, dysuria, or abdominal pains may 
occur. 


Hypersensitivity reactions may include urti- 
caria, serum sickness-like reactions (fever, 
rash, arthralgia), other skin reactions, and 
rarely anaphylactoid shock. They are more 
likely to occur in the individual with a his- 
tory of allergy, asthma, hay fever, or urti- 
caria and in the individual who is known to 
be hypersensitive to iodine compounds. An- 
tihistamines and corticosteroids are used 
to control hypersensitivity reactions; but 
the occasional serious anaphylactoid reac- 
tions require the immediate use of epineph- 
rine or phenylephrine, oxygen, and intra- 
venous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Cal- 
cium Granules) is available in single-dose 
foil packets providing 3 Gm. of calcium 
ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in 
capsule form (Oragrafin Sodium Capsules) 
providing 0.5 Gm. sodium ipodate per cap- 
sule. 


SQUIBB 
The Priceless Ingredient’ in every product is 
the honor and integrity of its maker. 





The biggest bugaboo of film dryers is humidity in 
the darkroom . . . environmental moisture which 
turns the most efficient unit into a sluggish, slow- 
acting flop. 

Now HALSEY introduces the climate compen- 
sator — a system of air control that lets you shut 
out outside humidity when it's too high... or bring 
in outside air when it's cool and dry. 

The result... faster film drying — regardless of 
climate conditions! 


Fatigue-free loading from the top. Handles 
12 films every 20 minutes. Complete with automatic 
timer — a guarc against fire hazard due to failure to turn 
off the heater. Dimensions: 23" wide, 33” high, 1712" 
deep. 


Economy version of above — loads from the 
front. Recommended for stacking on top of No. 600-D 
for stoop-free loading, when extra capacity is desired. 
Dimensions: 23” wide, 33" high, 1742” deep, Automatic 
Timer (No. 602-DT) available. | 


For restricted space — similar to No. 
601-D, but almcst 10" narrower; accommodates 6 films. 
Dimensions: 1342” wide, 33" high, 1712" deep. 


Write for detailed literature 


Model No. 601-D 











A consistently diagnostic quality image — at 90 seconds! 


Announcing 


GAF-X 
the new 90-second 
medical X-ray film 


Meet GAF's new GAF-X —the brand new polyester-base 
medical X-ray film that closes the quality gap in 90- 
second proceesing. 


Quality image with exposure latitude: New GAF-X 
film gives you maximum definition for clarity and superior 
detail that can make a diagnostic difference in border- 


Balanced contrast: With built-in wide latitude for con 
trast control at all Kvp levels, GAF-X film lets you captur 
the finest detail in both soft-tissue and bone studies. 

If you're looking for quality, it's time for a good look € 
GAF-X. Why not call your GAF X-ray representative today 
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Cobalt 60 


Life would be much easier for a lot of people if a Cobalt 60 A UNIQUE DIAF 
source could be made infinitesimally small; unfortunately this 
is not the case. Hence the designer of a therapy unit is faced 
with a problem viz. penumbra... yet the radiotherapist must 

be able to deliver an optimum dose to the tumour and at the 
same time spare as much of the surrounding tissue as possible. 
As we see no future in passing our problems on to our clients, source diameter 
Philips design experts have gone to the utmost limits of 

precision engineering in building the diaphragm for the 

Philips Cobalt 60 unit itself. 


Of the various feasible types, the obvious choice for Philips was 
the focussed one. It limits the beam so sharply that unwanted 
rays impinge on a uniform quantity of protective material 

(lead and tungsten lamellae) which almost completely absorbs 
them. It is more complicated to make than a simple block 
diaphragm, but it cannot be ignored by any one whose aim 


is peak efficiency. PHILIPS PROGR 


The important - and exclusive - feature of the Philips design is IN COBALT-THE 
that the lamellae are focussed on two diametrically opposed 
points on the edge of the source. Consequently nc matter 


€ minimum penuml 

€ minimum influen 
rate 

® individual focuss 


a choice of sixteen ve 
your individual wishes 





what field size has been set, the total surface of the source in a special brochure, 
contributes to the exposure rate decided on for irradiating your local Philips org: 
the tumour, irrespective of its size. as well as from: 
Philips X-Ray & Medical Equipment Division PHILIPS ow 
Eindhoven - the Netherlands Æ N 
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NORELCO THREE-PHASE SYSTEMS 


SHORTEST 
EXPOSURE TIMES 


AUTOMATIC 
DENSITY CONTROL 


-OPTIMUM 
TUBE LOADING 
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hree Phase Generator Systems deliver important advantages for efficient 
ys: optimum tube loading (MAS system) under all circumstances, shortest 
xposure times, with “falling load” for automatic density control. Only one 
ction is necessary: KV. Press the exposure button, Norelco generators 





| THE X-RAY TUBE, OPTIMUM LOADING 





EVEN WITH PHOTOTIMING 


BECAUSE 
OF "FALLING LOAD" 


Most tube loading systems do not fully utilize 
tube capabilities. We automatically load our 
tubes to the fullest extent for every exposure. 
This loading delivers better radiation yields, 
while built-in circuits protect the tube from 
underloading as well as overloading. 


Tube capacity for constant load 





CONSTANT LOAD EXPOSURE Actual exposure time Pre-selected time limit 






Exposure time 





Tube capacity for continuous falling load 
x 


Time gain 
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“FALLING LOAD" EXPOSURE 


“Falling load” is a technique of tube loading 
especially suitable for use with phototiming. It 
produces radiographs of proper density regard- 
less of patient size — without endangering the 
x-ray tube — in the shortest possible times. 


In comparison with other tube loading systems, 
a Norelco generator initially loads tubes to max- 
imum capacity. Then the load "falls" in ap- 
proximate relation to the tube's loading capacity 
as the exposure progresses. When appropriate 
MAS (as measured by ionization chambers or 
photo pickups) is reached, the exposure is auto- 
matically terminated. This method guarantees 
proper radiographic density, yet utilizes the 
tube optimally. 


SUPER 100 


1000 MA at 100 KV 
600 MA at 125 KV 
300 MA at 150 KV 








VERSATILE 
APPLICATION 


Norelco generators are rated (up to 200 KV) to cope with 
all current radiodiagnostic applications: image intensifi- 
cation, cinefluorozraphy, TV fluoroscopy, rapid series radi- 
ography, stereo or biplane applications. Additional 
features: 


€ One factor (KV) selection standard with phototiming. 
€ Two factor (KV and MAS) selections on all models. 


€ Three factors (KV, MA, time) can also be used for special 
techniques. 


€ Capable of powering a maximum of four double-focus 
rotating anode tubes. 


€ Minimum exposure time: 1 ms. 

e 25% time increments — even in millisecond range. 

€ Capable of twelve exposures per second at 1000 MA. 
€ Unique solid state radiographic timer with thyristors. 


X-RAY TUBES 


Take advantage of the sharpness produced by high load- 
ability and small focal spots with Norelco Super Rotalix 
tubes. These high speed double-focus rotating anode tubes 
reach required speed within 0.8 second with Norelco three 
phase generators. Tubes are available with rhenium- 
tungsten anodes to preserve radiographic output. Super 
Rotalix tubes are available in the following focal spot 
combinations: 


.03 and 1.2mm 
.06 and 1.2mm 
1.2 and 2.00mm 


MEDICAL 


EQUIPMENT 





NORTH AMERICAN PHILIPS COMPANY, INC. 
Professional Products Division, 100 East 42nd St., New York, N. Y. 10017 






Save His 
Valuable 
Time! 


Now at the push of a button, a busy radiologist can diagnose 200 
14x 17 x-rays at one sitting without ever once touching them. 


RADI Fanonamascope Model 200 


High Capacity Mass Film Viewer 


e 50 viewing frames. Holds two-hundred 14x17 films.  * Has built-in indexed jacket storage area. 
Preloadable by film clerk saving radiologists time. e Has many, many other wanted features such as: 


e Films stay available for instant viewing and review. hand and remote foot controls, variable high and 

e Requires minimum amount of floor space. Only low speeds, slide-out shelves for writing and for 
13.8 square feet! dictating equipment. 

e Completely mobile! Weighs 565 pounds yet rolls e Best of all is its low price! Much lower than other 
easily from room to room on heavy duty casters. viewers that do not have all of these plus features. 


For additional information and the name of your nearest dealer write to: 





P. O. Box 19164, Houston, Texas 77024 
or call collect: 713-468-3230 


Now... Sterile, Pyrogen-Free 99nTc 
In your own laboratory 


from the 


TechneKow-CS 


COMPLETE SYSTEM 


The new Mallinckrodt, Nuclear TechneKow-CS System includes 
complete laboratory equipment for daily production and imme- 
diate assay of injectable sodium pertechnetate Te 99m, to meet. 
the exacting specifications cof the USAEC and agreement states. 
The exclusive MOLY TECH "M Assay Kit provides an easy, rapid 
method for daily **" Te and ?* Mo assay of the milked solution. 
Call or write today for complete information. 
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New MOLYTECH'!M 
Calibrator Assay Kit 
for rapid assay of 
99mTc and 99Mo 


: formerly Nuclear Consultants 
Mallinckrodt 4 Box 6172, Lambert Field, St. Louis, Missouri 63145 
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*This famous oil painting on wood was done by a renowned Flemish painter. 
Do vou know who it was? 

















Heir to a proud legacy... Agfa-Gevaert fol- 
lows a brilliant heritage of craftsmanship 
with the production of medical X-Ray film 
known for its superb quality the world over. 


*The Holy Family with St. Elizabeth, St. John and a Dove 
Peter Paul Rubens 





X-RAY FILM 
LOW X-RAY CORPORATION 
161 Sixth Avenue. New York. N. Y. 10013 








New from Kodak: a 
third 90-second film. 


With the introduction of new 
Kopax RP/L X-omar Medical X-ray 
Film, you now haveachoice of Kodak 
90-second films for all radiological 
situations. The new film, with out- 
standing brilliance in the lower den- 
sities and exceptional latitude in the 
upper densities, gives you maximum 
diagnostic range. 


ki 


“Now I have the c 








Joining Kopar RP X-omar Medi- 
cal X-ray Film used for most situa- 
tions and Kopak RP/S X-OMAT 
Medical X-ray Film for shorter expo- 
sures, it completes the picture; gives 
you the total capability you need in 
the fully integrated Kopax RP 
X-OMAT® System. No matter which 
film is right for a particular situetion, 
youcan develop a technic and rely on 
it. That's because Kodak quality 
and uniformity are built into each 
of the interdependent com- 

ponents of this system. 
Your Kodak Technical 
Sales Representative will be 
happy to demonstrate the 
distinctive characteristics 
of each film. He'll also be 
able to tell you abou: the 


icel need” 


benefits of integrated 90-second 
Kodak processing . . . a complete 
choice of films, chemicals, and the 
new Kopak RP X-oMar Processor, 


Model M6. 





; AES 

The five most used sizes of Kopax Rapid 
Processing X-omat Medical X-ray Films 
are, or soon will be, available in 500-sheet 
cases for added economy and convenience. 


EASTMAN KODAK COMPANY 
Radiography Markets Division 


Rochester, N.Y. 





MSAN 
e me 
S Y ^ 3 
Dar 
d. 


5 


5 
e 
i 


(e 
SECURE D 
S Ss A 

Ü 


YT 


SUE 


P 


neo 


2 EN Ces 
DUUM 


us 


a 
eet 


strat 
S 


iy 
"s 


Breed: Mais. 


PASS 


Rear 
VASERGS T 
ANANA 


suet: 





a 
a Sus 
Sto 


A SEN GRAM 


Dum ANS i 
Sa eS a vd 

» 2d Nu ET 
de 

p 


SAS 


(E RS 


EUN 


LV ose 
SR 
ES 














If the barium preparations you've used up 
to now have all seemed pretty much alike, 
then it's time to compare the contrasts 
with ESOPHOTRAST® (the ready-to-use 
esophageal cream) and BAROTRAST? (a 
micronized form of barium sulfate). 

One of the prominent problems with 
most contrast media is no small matter. 
Their large particles have a tendency to 
precipitate and to flocculate out of sus- 
pension with the slightest change in pH, 
mucin concentration, or enzyme activity. 
Not so with ESOPHOTRAST and BARO- 
TRAST, both of which are formulated to 
ensure an easy suspension that remains 
in suspension even during routine storage. 

Then too, a common feature of many 
other barium sulfates suggests a sticky 
problem. The varying size of the particles 
reduces their adhesive properties since 
not enough particles come into contact 
with the esophageal and/or intestinal lin- 
ing to provide complete coverage. With 
micronized ESOPHOTRAST and BARO- 
TRAST, a maximum number of particles 





are available to produce a tenacious elastic 
coating that lasts for the time it takes to 
"get the picture." 

ESOPHOTRAST, because of its specially 
formulated viscosity, provides a consist- 
ent, prolonged, residual coat that permits 
an excellent outline of the esophagus as 
well as an evaluation of cardiac size. Since 
itis premixed, ESOPHOTRAST is ready for 
instant use, which means longer visualiza- 
tion time and shorter preparation time. 
BAROTRAST, because of its natural vis- 
cosity, flows in a steady consistent column 
at a speed that can cut the upper G.I. se- 
ries and small bowel examination time al- 
most in half. 

Both formulations are creamy, nongritty 
and pleasantly flavored to help your pa- 
tient help you make the examination that 
much easier. 

Considering the barium sulfates in the 
ight of this inside information, it would 
seem that there is a marked contrast. And 
all it takes is a little understanding to get 
the clear picture. 


Esophotrast - Barotrast 





E BARNES-HIND BARIUM PRODUCTS 


Subsidiary of Barnes-Hind Pharmaceuticals, Inc. 
sunnyvale, Calif. 94086 


IMPROVED 


Van de Graaff? 
ACCELERATOR 





Imoroved Model AM Van de Graaff is the result of 
experience gained in 40 previous installations. 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


Today’s Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


+ its less than 3 mm “point source" 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


* its treatment beam is accom- 
panied by negligible penumbra. 


* its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


è [ts x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 





» it can be operated easily ky a 
technician without a staff physi- 
cist in attendance. 





HIGH VOLTAGE 


The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. lt offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
~~ including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician, 
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"IHE LIGHT IS BETTER HERE!’’* 
THE PRESIDENT'S ADDRESS, 1967 


By MILTON FRIEDMAN, M.D, 


NEW YORK, NEW YORK 


FoR more than 40 years, I have watched scientist is to heal sick people. Yet why 
the science of radiation therapy evolve have so many dedicated their lives to 
by means of slow accretions of knowledge ML cancer from the societv of rats 
interspersed with a few major jumps. This and mice. Ís it because “the light is better 
type of evolution, as with many other there?" Why struggle to develop a new 
branches of medicine, has been variously idea or discovery by Diese perverse 
designated as empiric, pragmatic, techno- human beings? Many never complete their 
logic, or applied science. We are repeatedly treatment: they often fail to take pre- 
told that only fundamental studies con- scribed medicine; they fail to keep ap- 
ducted in the laboratory can lead to the pointments; the vagaries of intercurrent 
solution of the problem of cancer, and this disease or poor general health commonly 
may very well be true. obscure the unknown factor being studied; 
However as I survey the panorama of many patients are lost to follow up. It is so 
research into the laws of nature, and see much easier to work in the laboratory with 
that many of her truths are discovered complaisant rats. They follow instructions; 
outside the laborator y, a much neglected the follow up rate is 100 per cent; controls 
area which is nevertheless inhabited by are readily available. The experiments on 
many great intellects, | am reminded ofan rats satisfy Dirac’s criteria of being neat 
ancient story. It tells of a man on hands and elegant. 
and knees scratching around in the dirt. Of course the laboratory animal is vital 
A friend asked, "What are you doing?" I in most biologic investigations, although 
am looking for my key.” “W here did you the researcher should extend hie interests 
lose it?” the friend asked. "Up there near beyond the horizon of exclusive latrogenic 
the house.” “Then why are you looking animal husbandry. The study of the pa- 
for it down here?" “The light is better tient and his tumor can yield valuable clues 
here?" pointing toward basic laws. This is achieved 
In our culture, the role of the physician- in three ways. Ideas developed in the 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Foronto, Ontario, Canada, May 29-31, 1967. 
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laboratory must ultimately be tried on the 
patient. (Anachronistically, many sophis- 
ticated radiobiologic investigations have 
merely refined the principles employed in 
routine clinical practice many years after 
their discovery by the intuitive pioneer 
clinician.) The second way is exemplified 
by the many great discoveries made out- 
side a laboratory: Archimedes and the 
bathtub, Newton and his symbolic apple, 
Semmelweiss and puerperal sepsis, Beque- 
rel’s radium burn, and Coutard’s applica- 
tion of Regaud's principles, one of the 
great advances in radiation therapy. In 
the third and most common type of medi- 
cal discovery, the patient is the test ob- 
ject. One investigating physician endowed 
with high intellect and intuitive creative 
imagination, motivated by a personal 
commitment toward discovery, who blends 
his original ideas with a broad knowledge 
of associated sciences, can by a series of 
gradual studies advance medicine a giant 
step. An example is Dr. Harvey Cushing's 
discovery of how to remove a brain tumor. 
This experiment lasted a lifetime. The 
first 25 patients died. Undaunted, Dr. 
Cushing continued to look for the key 
where the light was poor, and from his and 
others’ efforts was developed the science of 
neurosurgery. Medicine is pervaded with 
many similar examples. This type of in- 
tellectual creativity is a basic science. The 
key is the persona of the investigator. 

In research we must acknowledge the 
importance of certain powers of intuition, 
without which inventors and scientists 
could neither rationally select particular 
problems nor pursue any chosen problem 
successfully. Polanyi has called this s¢ra- 
tegic intuition. It is a value judgement de- 
rived from the accumulation of ideas and 
experiences in the subconscious mind. It 
is practiced every day: by the investigator 
who decides which of several potentially 
fruitful avenues should be explored; by the 
director of a research institute; and by 
oficials charged with the responsibility for 
approving research grants. The scientist 
must be able to estimate the gap between 
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his knowledge and abilities on the one 
hand, and the discovery itself. The product 
of a lifetime of scientific endeavor depends 
to a great extent on strategic Intuition. 
Without it, a brilliant intellect bears little 
fruit. 

I will cite two examples of the operation 
of strategic intuition. After working with 
increasingly powerful supervoltage x ravs 
for about 10 years, it became evident to 
me early in the 1950s that the results 
of treatment were dictated more by the 
characteristics of the cancer rather than 
the type of radiation. My enthusiasm 
for still higher energies waned. Colleagues 
in other cities and other countries came to 
similar opinions similarlv, even before 
their results had conclusively demon- 
strated the validity of this opinion. These 
opinions were derived not from abstract 
intuitions, but from scattered observations 
by many investigators in many cities. The 
important point is that although each one 
came to a similar conclusion which was not 
substantially supported by facts, the con- 
clusion became generally accepted, and 
this acceptance strengthened the conclu- 
sion. 

lhe second example of strategic intui- 
tion leads toward disunity rather than 


unity. For the past 35 years I have been 
studying the effect of the “overall-time” 
factor on a course of radiation therapy. 


After some years, my strategic intuition 
told me that further studies of this time 
factor would not be fruitful except perh 1aps 
that 3 treatments per week might be just 
as good as § treatments per week. However, 
there 1s an opposing school of thought 
composed of two groups: the clinical 
radiotherapists who believe that the time 
factor is important and who continue to 
design new investigations; and a vast 
number of radiobiologists who have con- 
ducted elegant studies on a broad spectrum 
of animals ranging from one cell to four 
legs and who proffer innumerable solutions 
to the problem, without any charge what- 
soever for these valuable opinions. AL 
though my own strategic intuition con- 
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tinues to tell me that the time factor is not 
very important, I still pursue these studies 
chiefly to maintain the counterpoint in this 
scientific dialogue. As a matter of fact a 
colleague will present one of these studies 
at this meeting. I guess that this 1s good 
science, as 1t is d of objectivity! 

Objectivism denies the personal, tacit, 
instinctive human appraisal of hy potheti- 
cal theories. But true objectivism does not 
exist. The beholder sees not only with the 
retina, but also the hindbrain and his 
associated experiences. He then appraises 
all these with the aid of his corollary knowl- 
edge and his biases. Each individual views 
facts differently depending upon his in- 
tellect, his creative imagination and his 
fundamental esthetic sense. His deductions 
also depend upon whether he is close to the 
object so that his field of vision encom- 
passes onlv that object, or whether his in- 
tellectual observation platform is at a dis- 
tance so that he scans a panorama and ap- 
praises the specific object in relation to the 
entire scene. In a slightly different sense, 
there is the example of the archeologist 
who, in flving over territory of potential 
interest, has been able to see the outlines 
of an ancient ruined city or palace, whereas 
on the ground he perceives nothing. 

The scientist first works on intuition and 
then rationalizes later. He thinks he pro- 
ceeds from one rational step to the next, 
and on occasion does so, in which event he 
progresses a minuscule step ahead. The 
great discoveries arise from the intuition 
taking a giant step to the top of the moun- 
tain in theoretical conception. The scien- 
tist then proceeds laboriously to ascend 
this height himself; or his successor does it. 

All creation emerges from chaos. Cur- 
rent investigations into progressively 
smaller subatomic particles are disclosing 
a number of corpuscular units such as 
mesons, pions, lambdas, negatrons, sig- 
mas, etc. and such phenomena as electron 
spin resonance, parity, etc. Thus the over- 
simplified atom that we delighted in 25 
years ago, based on the proton, electron 
and neutron, is not true. The most funda- 
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mental forces are numerous, varied, and 
seem apparently progressively more chaotic. 
Chaos becomes organized into complexity. 
The more that science illuminates com- 
plexity, the more darkness does it see. This 
is the course of progress. The rad is not 
yet understood because the problem of 
absorbed dose has been oversimplified for 
the lack of understanding of its primordial 
chaotic milieu. 

The scientific aptitude pursues proof of 
knowledge. Many alleged proofs become 
false with increased experimentation, and 
are discarded. The durable building blocks 
remain. A major source of trouble stems 
from the large group of cloudy-thinking 
"scientists" who draw inflated and al- 
legedly significant conclusions not war- 
ranted by their data. As Niels Bohr said to 
a talkative student, “You are just being 
logical; you are not thinking!" This plural- 
ity of workers is not scientific but scien- 
tistic. They are the fools. We must be 
aware of them and their conclusions which 
are based on an unreasonable use of reason. 

The scientist believes that he pursues 
truth objectively in a disciplined and ob- 
jective world. This ideal of strict objec- 
tivism is unobtainable, and more than that 
absurd. Probably not one person here 
today surveved the entire cosmos to decide 
which was the most important problem in 
which to dedicate his life, and then made a 
personal decision to work on cancer. Un- 
doubtedly in every instance the decision 
was thrust on us by chance, coincidence, 
circumstances bevond our power to predict 
or to influence, or dynamic forces which 
happened to move within our personal or- 
bit at an appropriate moment when we 
were ripe to select a career. Any attempt 
to define this first decision as objective is 
patently wrong. 

Every scientist in creating a theory 
commits his essence or being, by a supreme 
intensification of a uniquely personal in- 
timation, to the creation of that theory. 
He pursues it with the passionate urge to 
fulfill self-set standards. The quality of the 
product is related to the standard. Every 
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investigator is in fact making an intimate 
pronouncement about himself. His report 
often yields more information concerning 
himself than the subject under study. 

There is a difference in the true creative 
genius who evolves a theory from his own 
essence, as contrasted against existence 
(nature) where things are waiting to be 
discovered. Each creation or discovery 
must be tested before a jury of fellow men, 
who contain the entire spectrum of man- 
kind's essence from time immemorial. This 
is where bias meets counter-bias and is 
neutralized by the multiplicity and variety 
of individual biases, which tend to lead 
toward truth. We are all prejudiced, as 
man has need for prejudice in order to be 
distinct. 

The early Greeks and Romans invented 
useful gods, each god representing one or 
several aspects of man's psyche or soma or 
combinations of both. Their gods were 
simple though profound; mixtures of strong 
and weak; consequently human, and con- 
sequently fallible. Yet they were efficient 
spiritual executives. Our contemporary 
civilization is far more complex and has 
confused us. In a paranoid-like fashion it 
has concocted a group of religions, each 
with its respective God, so far superior to 
any individual on this earth that it is im- 
possible to approach Him in caliber. One 
god for each tribe; each functioning with a 
similar set of rules; rather good ones. Un- 
fortunately in that segment of contempo- 
rary civilization which is called science, 
there never existed a proper Deputy God 
of Science. The Romans had one available. 
His name was Janus. He was two-faced: 
spiritual and demonic. If we scientists 
dared to be truly objective, we would 
adopt him as our God of Science. He has 
all the necessary attributes: high-minded 
and dedicated on the one hand, egocentric 
and often unscrupulous on the other; 
intellectually dispassionate, and occupa- 
tionally passionate; a diligent researcher 
of the literature, and an occasional plagiar- 
ist; a strictly objective observer, espe- 
cially of those facts which support his 
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thesis. His deification is redeemed by the 
occasional genius, the brilliantly intuitive 
observer of a fleeting fact which might be 
the core of a major concept such as the 
slight differences in atomic weight which 
led Einstein to suspect the power poten- 
tial in the atom. Parenthetically Janus 
was an ancient Roman deity, primarily the 
God of gates and doors, and hence of all 
beginnings; which symbolizes another ne- 
cessary attribute of the successful scientist, 
namely the two signs commonly found on 
the opposite sides of a door, "push" and 
"pull." But the truly divine aspects of our 
scientific Janus lie in the eternal heritage 
of knowledge built by so many of his sons 
and martyrs. 

The science of the cosmos is founded 
not on objective data but on a "belief." 
We believe that the primordial chaotic 
gases which preceded the formation of the 
Earth, somehow or other by random 
chance, a euphemism for God, congealed 
into solids, the solids into chemicals, the 
chemicals into living substances, and by 
natural selection. the living substances 
evolved to contemporary Man, a state 
which ts only halfway up the evolutionary 
ladder toward excellence. This major foun- 
dation of science is supported by shreds of 
objective data and an enormous component 
of faith or belief. Some beliefs are more 
readily accepted than others. I wish I 
could believe with certainty that a cancer 
cell is a genetically mutated normal cell. It 
would be so easy to join the cult of pure 
objectivism and thereby become relieved 
of all responsibility concerning this belief. 
From the fundament of beliefs are created 
hypotheses which are the pathways of 
scientific exploration. 

The cliché that “the computer returns 
an analysis only of the data put into it” 
should be extended one dimension. We 
introduce into our cerebral as well as me- 
chanical computers data based only on 
those parameters which we know; and often 
get wrong answers. Most problems have 
parameters of which we are ignorant or 
which may seem irrelevant. For the lack of 
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these data we fail to obtain true answers. 

The knowledge which we bring to a prob- 
lem tends to pin us down, to imprison us 
in what should be no more than a frontier 
position. We must live on the frontier of 
our being where the known is contained in 
the infinite unknown, and there should be a 
continual crossing and recrossing of tenta- 
tive borders. 

There 1s a rhythm to science. An era of 
discovery 1s followed by exploitation, at 
first dynamic and rapid, then through lesser 
cycles, each epochal peak of which becomes 
in reality a summer zephyr, soothing to the 
cheek or the ego of the investigator, whose 
sandpile of discovery is promptly washed 
away by the ocean of reality. 

The ideal scientific dialogue is an ex- 
change of 1deas among individuals in the 
vanguard of their field. A large number 
of dialogues occurring simultaneously 
throughout the World provide the intel. 
lectual soil from which a few geniuses may 
derive nourishment and may advance 
knowledge a giant step. We need a flow of 
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their new ideas into the reservoir of basic 
concepts concerning cancer. 

Therefore let us begin today’s dialogue 
between the speakers who will appear on 
this rostrum and the audience of their 
peers. 


New York University Medical Center 
sso First Avenue 
New York, New York 10016 
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HYPERBARIC OXYGEN IN RADIATION THERAPY* 


AN INVESTIGATION OF DOSE-EFFECT RELATIONSHIPS IN TUMOR 
RESPONSE AND TISSUE DAMAGE 


By H. A. S. VAN DEN BRENK, M.B., M.S. (MELE.), F.R.C.S. (ENG.), F.C.R.A,, 
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Me experimental and clinical effort 
has been expended in attempting to 
differentially sensitize tissues to ionizing 
radiations, and increasing the so-called 
“therapeutic ratio” in radiation therapy. 
In general these attempts have not pro- 
duced dramatic results. Many substances 
which appear to act as true sensitizers in 
vitro or as agents with additive toxic effects 
have been tried. The only substance with 
proven capacity to modify radiosensitivity 
at a cellular and tissue level and be essen- 
tially devoid of additive toxic action to cells 
is molecular oxygen. This property—the 
so-called “oxygen effect"—has general ap- 
plications in tumor radiotherapy. The 
quantitative characteristics of the relation- 
ship between the biologic effectiveness of 
radiation dosage and the partial pressures 
of oxygen in tissues appear unique and of 
great therapeutic potential if one accepts 
the view that cellular radioresistance of 
solid tumors in man is due to the presence 
of tumor cells which are anoxic but viable. 

It is not my proposal to introduce an 
historic account of the "oxygen effect" in 
radiotherapeutics. This dates back to the 
beginning of the century and has been ably 
reviewed by Churchill-Davidson.’ How- 
ever, I must enumerate a few milestones 
crucial to its development and application 
to radiotherapy, namely, the pioneering 
studies of the late L. H. Gray and his col- 
leagues,!°!7-48 the studies of Alper and 
Howard-Flanders! which provided a quan- 
titative relationship between cellular ra- 
diosensitivity and partial pressures of 
oxygen, the £z vivo assay studies with mu- 


rine tumor cells! and the pioneering 
studies o7 Churchill-Davidson and his col- 
leagues with high pressure oxygen in radio- 
therapeutics’ and also in being first to use 
the tourmquet-hypoxia technique in radio- 
therapy of limb tumors.* Many other in- 
dividuals and centers have made important 
contributions directly and indirectly re- 
lated to -he problem. Particularly impor- 
tant are those studies specially directed 
towards determining the effects of oxygen 
tensions in excess of ambient levels in en- 
hancing the radiosensitivity of normal ani- 
mal tissues such as growing bone, skin 
and connective tissues, (99565,58 fung 80,56 
kidney,” the neuraxis" and the whole 
body?! also, quantitative determinations 
of oxygen effect in human tissues, such as 
those of Suit“ and others^ are of even 
greater interest to the radiation therapist, 
but at present we would welcome much 
further irformation in this respect. How- 
ever, we are still somewhat ignorant of 
equally fcndamental biologic problems rel- 
evant to the design and prescription of the 
most effective radiotherapy, and which 
continue to provide scope for much argu- 
ment and disagreement—both in the realms 
of “hybaroxic radiotherapy” (what a 
dreadful expression!) and what is usually 
termed conventional radiotherapy. I refer 
particularly to fractionation of dose and 
the spacing of fractions in respect to bio- 
logic equivalence of dose effect in tumors 
and normal tissues. At present, conven- 
tional daily fractionated radiotherapy re- 
mains in favor and the short term large 
fraction techniques employed by most 


* The 1967 Gordon Richards Memorial Lecture, delivered in Toronto, Ontario, Canada, under the auspices of the American Radium 
Society at its Forty-ninth Annual Meeting, May 29-31, 1967, and based on the author's clinical and experimental studies at the Cancer 


Institute, Melbourne, Australia. 


1 Richard Dimbleby Fellow in Cancer Research, St. Thomas’ Hospital, London, England. 





centers using HPO, do not enhance its 
popularity. Indeed even the radiobiologists 
appear to have been urged to prove that 
conventional daily fractionated radiother- 
apy incorporates fundamental biologic 
principles which allows one to question or 
ignore tissue anoxia to be a theoretic ob- 
stacle to successful treatment, or in them- 
selves provide conditions which adequately 
reverse radiobiologic anoxia of tumors. 
However, evidence is accruing that long 
term daily fractionation may not be as 
completely efficacious as thought and that 
good results are achieved by other sched- 
ules. 519492 Such modifications in fraction- 
ation have been encouraged by a more ac- 
curate quantitative knowledge of radiation 
lethality at a cellular level —knowledge one 
can attribute to the metamorphosis 
brought about in mammalian radiation 
biologv by the techniques of Puck and his 
colleagues??? These have provided more 
accurate and critical concepts of the param- 
eters of radiosensitivity of normal and 
malignant cells and set the scene for a 
more sophisticated appreciation of the 
effects of fractionation of dose as a result 
of the iz vitro split-dose studies pioneered 
by Elkind and Sutton" and others. Need- 
less to say, vexing deficiencies still exist 
in our present radiobiologic knowledge and 
ability to formulate fractionation-dose 
schedules with sufficient confidence to be 
generally applicable to radiotherapy. Nev- 
ertheless it seems desirable for the radio- 
therapist to adopt a radiobiologic approach 
to unsolved practical problems, if this ap- 
pears at all feasible in the light of existing 
experimental data and theory. Since 1961, 
in Melbourne, a clinical project to study the 
effects of hyperbaric oxygen (HPO) in 
radiotherapy has been conducted with this 
aim very much to the fore, and the prin- 
ciples of cell survival theory have been 
used to analyze results and to introduce 
new dose schedules, particularly in respect 
to fractionation. I propose to present some 
results of treatment for advanced neo- 
plastic disease of the upper digestive and 
respiratory passages and the bladder re- 
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spectively, and discuss the effects of frac- 
tionation for the rather limited range we 
have used in these studies. 


HPO-—IRRADIATION PROTOCOL-——DOS AGE 


A summary of case selection, treatment 
policy, incidence of hyperbaric oxygen 
toxicity and dosages used is shown in 
Tables -1v. The technique has proved safe 
and was rapidly introduced as an almost 
routine departmental discipline. It is well 
within the scope of a moderately sized 
radiotherapy department provided with 
suitable megavoltage equipment and ac- 
cess to beds for patient care. The tech- 
niques we use are very well tolerated by 
patients. No patient refused treatment and 
only 1 patient in our series to date was un- 
prepared to continue. The incidence of 
radiation sickness has been remarkably low 
and usually absent, and an unexplained 
sense of well-being is often expressed by 
patients undergoing a course of treatment. 
Bilateral myringotomies performed before 
each HPO exposure cause few problems or 
after effects, and patients usually leave the 
hospital between successive treatments 
given under anesthesia. This project has 
been pursued with a view to deciding cer- 
tain major issues: 

(1) To determine regression rate and ab- 
sence of clinical regrowth of advanced 
malignancies of poor prognosis. Advanced 
tumors of the upper digestive and respira- 
tory passages and bladder have provided 
the bulk of material referred for treatment. 

(2) To determine regression rates for a 
limited range of fractionated doses (Table 
tv) and to correlate these results with sur- 
vival of patients and complications attrib- 
utable to irradiation of normal tissues with 
lack of tolerance. 

(3) To attempt an analysis of such dose- 
effect data in terms of cell survival theory 
and radiation lethality at a cellular level 
based on the "multihit" type cell survival 
curves obtained for oxvgenated cells and 
tissues. 

I have taken the view that unless such 
data are available and a valid methodology 
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TaBLe I 


CASE MATERIAL 





Histologically proven disease 
Stages T34, Naa or DI, 1v 


720—400 cases recurrent following previous surgery 
in various sites 


No upper age limit in selection 
(21% cases over 70 years) 


Cases with distant metastases other than in regional 
lymph nodes included 


(~10% in head and neck cancers 
mie% in bladder cancers) 


Treatment refused on medical grounds (~1%) 


established for the analysis of dose-effect 
in fractionated radiotherapy in HPO, an 
introduction of clinical trials to evaluate a 
HPO technique, or for that matter a re- 
lated nonhyperbaric technique, is unde- 
sirable, illogical and hardly ethical, and 
would not pass critical examination. Only 
recently, have sufficient HPO dose-effect 
data become available to us, to tentatively 
commence clinical trials. I will refer to 
these later. 

Naturally it is somewhat presumptuous 
to employ cell survival curves and param- 
eters, essentially based on in vitro studies, 
to design a clinical experiment and analyze 
the results obtained. Our attempts to do 


Tase II 


TREATMENT POLICY 


4 Mev. x irradiation in 4§ pounds per square inch 
(psi) 4 atmospheres absolute (ATA) Oz under 
general anesthesia with intubation 


Large field "regional" irradiation techniques includ- 
ing ipsilateral and contralateral lymph nodes with 
shielding out of “vital” tissues if possible | 


2—6 fractions spaced over period averaging 21 days 
(7-28 days) 


All fields treated at each hyperbaric oxygen (HPO) 


session 
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Taste III 


OXYGEN TOXICITY 


3,200 HPO EXPOSURES UNDER ANESTHESIA IN 780 
PATIENTS WITH ADVANCED MALIGNANT DISEASE 


(1961—1966) 


Average duration of each ex- 


posure at 4 ATA*....... 44 minutes 
(range 27-65 minutes) 
Convulsions.............. Io (0.3%) 


Other toxicity to neuraxis.. nil 


Lung damage............. nil 
Other tissues. ............ ni 
Mortality................ at (0.3%) 


* Includes decompression time (6 minutes). 
T Both due to postanesthetic respiratory obstruction and not 
to oxygen toxicity. 


so must be taken in proper perspective. 
However, certain radiotherapeutic prin- 
ciples which enjoy general acceptance can 
be supported also on radiobiologic grounds 
and suggest that there is in fact a radio- 
biologic explanation for sound clinical 
methods. 

Both radiotherapist and radiobiologist 
generally agree that higher cumulative 
doses of x rays are tolerated by cells and 
tissues if the number of fractions given 1s 
increased. Attempts have been made to 
formulate such divided dose effects quan- 
titatively for conventional fractionated 


Tage IV 


DOSE-FRACTIDNATION AND ISO-EFFECT 
CALCULATION IN HPO 


From multihit formula for cell lethality 


n/no= [1—(1—- PD) y 


or 


n/ nyc [me D!Po ]N 
(Do= 130 rads 
m= 2 


N=number of fractions, each D rads) 





n/no 
2X1,000 0,7 . days 5x10 * 
3X1,000 6, 7, 21 days Io 
3X 800 O, 7, 21 days 5X107 
6X 5o00 0-17 days 1o 
6x 600 O-17 days 10° 
4X 725 O-21 days 5X108 
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treatments, e.g. in terms of the log-—log 
plots of dose and over-all time of Strand- 
qvist? or the modification suggested by 
Ellis,? and Fowler and Stern! to use num- 
ber of fractions to replace time. However, a 
straight line as in the Strandqvist relation- 
ship does not fit certain experimental data 
for 1-10 fractions. The more formal anal- 
ysis used in our own study 1s summarized 
in Table iv. A multihit equation is used to 
translate a fractionated physical dosage 
into a corresponding biologic effect. This 
of course involves an arbitrary selection of 
certain parameters—the slope constant 
D, and the extrapolation value m. It has 
been assumed that the tumor (and tissue) 
is fully oxygenated in respect to radio- 
sensitivity and a value D,— 130 rads has 
been chosen as a reasonable approximation 
for normal and tumor cells under oxygen- 
ated conditions in tissues. Available ex- 
perimental data have made the choice of 
an extrapolation number more difficult in 
attempting to fit data and to calculate iso- 
effect dosages. While most 7” vitro studies 
have given values of m in the range of 2-6, 
in vivo studies still present a confused pic- 
ture and very high values have been re- 
ported for certain animal tissues. However, 
recent experimental work?? suggests that 
"regenerative" factors in complex tissue 
svstems, closely associated with cell re- 
population of an irradiated tissue, have 
complicated the interpretation of some zz 
vivo results, in which the “sparing” effect 
of fractionation is predominantly attrib- 
uted to recovery of sublethal damage to 
radiosensitive targets at a subcellular 
(molecular) level. The progressive accu- 
mulation of HPO clinical data using 2-6 
radiation fractions suggests to us that a 
value of m=4 we chose originally is too 
high and a value of m=2 appears to pro- 
vide a better fit for the data obtained. 


CANCER OF THE UPPER DIGES 
AND RES 


TIVE 
PIRATORY PASSAGES 

The objective end points adopted in the 
Melbourne project to assess results have 
been: 
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(1) Clearance and persisting regression of 
primary growths and their lymph node 
metastases after irradiation. 

(2) Cumulative survival rate of patients. 

(3) Incidence of severe radiation induced 
complications (necrosis, myelitis, etc)??? 


Data for clearance rates of 268 T; T, 
primary tumors and 208 N; N; lymph node 
metastases in 297 patients are summarized 
in Table v and in Figure 1; ”/mo values 
(D, — 130 rads, m —2) corresponding to the 
fractionated treatments (/V X D) have been 
used to plot dose-effect data. In this anal- 
vsis those patients showing recurrence 
following previous irradiation have been 
excluded; also those in a moribund state 
before treatment in HPO and who died 
within 3 months have been excluded, irre- 
spective of whether good clinical resolution 
occurred or not, since the assessment of 
radiation effects in these cases was most 
dubious. Inclusion of these cases would de- 
crease cumulative survival rates by ap- 
proximately 5 per cent. 

Although there is some scatter of points, 
a line can be fitted to these data and shows 
a definite trend over a dose range equiva- 
lent to 2/297 107?-107?, Clearance rate in- 
creases at an essentially linear rate over 
the range 10?-107* but beyond 10-7 the 
clearance rate flattens out at a 70-80 per 
cent level. Thus by continuing to increase the 
effectiveness of the dose used beyond a certain 
value, no more cancers are cleared in HPO. 

To explain. this phenomenon, certain 
factors may be involved: 


(1) Twenty to thirty per cent of tumors 
were too large and contained too many 
viable cells to sterilize with irradiation, 
even if all cells were radiobiologically 
oxygenated. 

(2) The poor response of a number of 
tumors was due to a radioresistance caused 
by some factor other than anoxia. 

(3) Assessment of clearance rate is at 
fault. 

(4) The method used to plot dosage in 
terms of cell survival is not valid. 

(s) The HPO technique failed to ade- 
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tumors of upper digestive and respiratory pas- 
sages and lymph node metastases treated in hyper- 
baric oxygen (HPO) with 4 mev, x rays (n/no 
values based on D,= 130 rads, extrapolation num- 
ber m=2). 


quately oxygenate 20~30 per cent of tumors. 


(1) While tumor size must be a factor, 
since a doubling of tumor diameter could 
increase the number of viable cells by 
almost one logarithmic power, if all other 
factors are equal, this explanation seems 
not altogether satisfactory since: 


(a) an increase in dose corresponding to 
a decrease in 7/19 from 1077 to ro-? 
(2 log values) did not increase clear- 
ance rates; and 

a close correlation was not observed 
between size of tumor and the clear- 
ance rate in HPO although most 
recurrences were amongst large T, 
tumors with deep seated invasion of 


(b) 
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bone and avascular connective tis- 
sues, 


(2) Radioresistance due to factors other 
than anoxia is plausible. However, response 
could not be correlated with Grade of 
tumor or other histopathologic features. 
Also, in a series of 13 cases of inoperable, 
recurrent or advanced melanoma receiving 
doses in HPO equivalent to n/m <1077, the 
regression rate was good and maintained in 
9 cases (69 per cent), with § cases surviving 
at 20-43 months after irradiation. 

(3) It is possible that tumor recurrence 
may have been confounded with adjacent 
tissue necrosis produced by higher doses 
(e.g. 3X1,000 rac ls) and an associated de- 
crease in survival of such patients (to be 
discussed) could also have caused a wrong 
assessment. However, autopsy and biopsy 
studies, admittedly subject to error as 
shown by Suit and Gallager,? appeared to 
confirm recurrences suspected on a clinical 
basis. 

(4) Even if one does not accept this 
method of analysis other time-dose plots 
would lead to à similar conclusion, that in- 
crease in dose beyond a certain level did 
not increase clearance rates. 

(s) That HPO did not reverse tumor 
anoxia in 20-30 per cent of tumors would 
seem to adequately explain the findings. 
This is supported by our previous finding 
that similar large doses (3X 1,000 rads) 
administered in air in similar case material 
yielded clearance rates of less than 30 per 
cent, Że., less than half those obtained 
under hyperbaric conditions.???79* Indirect 
support for this view 1s also provided by 
electrode measurements of pO, in human 
tumors under HPO.? There seems little 
doubt that tumor size is related to tumor 
anoxia, and higher clearance rates of 80-90 
per cent or more are obtainable in most 
centers with early head and neck disease 
treated radically in air. Thus in a personal 
series of 129 cases of proven skin and eyelid 
cancer given 5X 1,000 rads superficial x ray 
therapy in 2-3 weeks, 117 cases were fol. 
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lowed up for 2-6 years after irradiation 
and onlv 2 tumors recurred ( «2 per cent) 
and radiation necrosis occurred in a further 
2 cases. Such results with early and smaller 
cancers treated with x rays along conven- 
tional lines, must be taken into account, 
not onlv in rationalizing the use of HPO in 
early disease, but also in evaluating tumor 
oxygenation in spontaneous human tumors 
and the relative radioresistance 77 vivo re- 
ported for most solid transplantable ani- 
mal tumors, no larger in size. In the latter, 
radiosensitivity and cure rate can be in- 
creased by HPO? but with increase tn 
size of such experimental tumors the cure 
rate rapidly diminishes even if HPO is 
used to correct anoxia," z.e., sufficient in- 
crease in size and the type of tumor stroma 
derived from certain normal tissues” are 
undoubtedly associated with tumor anoxia, 
dificult to reverse. 

If the tumor clearance rate data obtained 
in head and neck tumors in HPO and 
shown in Figure 1 are now contrasted with 
survival and necrosis rate in the same pa- 
tients interesting therapeutic facts emerge 
(Fig. 2). Thus survival at 1 year rises 
steeply to approximately 6§ per cent at a 
dose equivalent of 2/1077 but with 
further increase of dose, falls despite a 
constant high clearance rate. This /a// in 
survival coincides with a sharp rise in radia- 
Hon necrosis and morbidity trom approxi- 
mately 15 per cent at 2/7, — 107? to $0 per 
cent at z/zg;-—1073. Thus a fractionated 
dose level 1n HPO equivalent to a cell kill- 
ing effect of 2/7107? provided an op- 
timum therapeutic ratio in HPO. I doubt 
if modifications of fractionation using 
existing hvperbaric techniques will greatly 
change this situation. It 1s of interest that 
our own study has confirmed to a very 
large extent the work of Churchill-David- 
son who also observed a high rate of 
necrosis with 3X1,000 rads and 6X750 
rads maximum tissue doses (Co® y rays) 
in HPO, but a marked reduction in necro- 
sis without significantly reducing clear- 
ance rates when 6X6co rads maximum 
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Fic. 2. Cumulative survival at 12 months and in- 
cidence of necrosis related to dosage corresponding 
to patients with tumors treated in HPO shown in 
l'igure I. 


used. Clearance rates of 
and lymph node metas- 
reported by Churchill- 
Davidson using 6X583 rads maximum 
tissue dose in 3 weeks were 83 per cent 
(primary tumor) and 85 per cent (lymph 
nodes). This parallels our own clearance 
rates using 6X £oo rads modal tissue dose, 
4 mev. x rays in HPO in 3 weeks, viz. 
7& per cent (primary tumor) and 78 per 
cent (lymph nodes) (Table v). 

Results of treatment in HPO with 4X 
725 rads and 6Xs00 rads modal tissue 
doses in 156 cases of head and neck cancer 
may be compared in Table v. Examples of 


tissue dose was 
primary tumors 


tases in HPO 


clearance and survival rates and incidence 
of necrosis were no different for the two 
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Tase V 


RESULTS OF TREATMENT OF 297 € 





ASES OF ADVANCED NEOPLASTIC DISEASE (Ty Ty N 
DIGESTIVE AND RESPIRATORY PASSAGES USING 4 MEV. X RAYS WITH HIGH PRESSURE OXYGEN AT 4 ATA 


3X 1,000 





Na) OF UPPER 


Dose (rads) 


23 m" AI 
[x] CK . A^ z fü CN. 1 C oo 
2X 1,000 srs 099 (o y, ror + 4^ fu ONES 6X6 ibi e 
P : (o, 5, 21 XS Ru. ges (o-17 (o-17 Total 
| (0,7 days) i O, 14,2 M E de dnd 
i : : days i days) days} davs) da vs) 
Number of Cases | 24 26 75 $7 39 16 295 
Clearance of T;T4 Primary | 
Ce tl » 4o ra d gtk id 3 ba d 7 Y M i E d "rg ^ F r T MO 
lumor | 5/24 (21%) 13/23 (56%) 49/67 (93%) 42/53 (79%) 64/85 (75%) 14/16 (89%) 187/268 (o7) 
Clearance of No Ng Ly mph 
Nodes 6/20 (30%) 14/19 (74%) 37/50 (74%) 35/43 (BET) 53/68 (2895) 6/8 (2555) 151/208 (7252) 


Clearance of Ny Ny No N; 
Lymph Nodes 

Radionecrosis 

1 Year Cumulative Sur- 
vival 


C 
f m (77 
20/ 26 Vif 


5/26 ( igl C) 


i £j TY / £a AE 


schedules. This iso-effectiveness is tendered 
to support the view that the lower extrap- 
olation number (m=2) should be chosen 
to analyze dose-effect data for fractionated 
therapy in HPO. Thus for m=4, the cor- 
responding 2/7, values would be 


4 X 725 rads nina œs X 1077 


6 X sco rads H/Uo 7 X 10 


and the effect of 6X soo rads should be sim- 
ilar to that of 3X 800 rads (21/2, 74 X 1075), 
but this has not been the case and a value 
m —2 appears to fit the entire data better. 


DOSIMETRY 


It is also important to emphasize that in 
any radiation treatment dosage errors may 
arise due to a variety of factors including 
machine output, nonuniformity of dosage 
in field planning etc. In terms of cell sur- 
vival such errors may be of considerable 
importance. Thus a 10 per cent fall off in 
dose in an oxygenated tumor, treated with 
radical intent, is almost equivalent to in- 
creasing the surviving fraction of cells by 
one log. value. As shown in Figure 1, this 
could account for as much as a 25 per cent 
reduction in tumor clearance rate, In 
Figure 4 the effect of fall off in tissue dose 
for fractionated therapy on cell survival 
is shown for an oxygenated and partially 
anoxic tissue, respectively, It is seen that 
the reduction in biologic effect is even 


^) 61/75 (8199) 
38/75 (51%) 


30/67 (45%) 2 


48/57 (86%) 


236/297 (BoE 
15/57 (2654) 


A H fam a EON 
85/297 295) 


14/16 (8555) 
; d tfo 
7/16 (44%) 


84/99 (85%) 
14/99 (14%) 
9/49 (56 5). 64/98 (6595) — 8/16 (50%)  149/ P877 (54906) 
greater for highly fractionated treatments 
in oxygenated svstems. It follows that in 
HPO more hi thly fractionated treatment 
g 
does not compensate for lack of uniformity 
in dose distribution, and dosimetry requires 


the same care as in conv entional treat- 


ment. In our experience with advanced 
disease a "marginal" recurrence due to 


dose fall off has not been infrequent (Fig. 
$, d and B). In trying to correct these 
problems, considerable ingenuity in de- 
vising field arrangements is required to 
spare vital structures such as the neuraxis, 
and full rotation of the source and com- 
pensated filters should help in this respect. 


CLINICAL TRIAL ( UPPER DIGESTIVE 
AND RESPIRATORY PASSAGES ) 


Before proceeding with randomized 
trials, a pilot study was undertaken in 8 
patients. These were treated conscious, 
breathing air at 1 atmosphere absolute 
(ATA) in the pressure vessel, but otherwise 
planning and other techniques were those 
used in HPO. However, dosage was in- 
creased to either 4X800 rads or 6X650 
rads modal tumor dose. This 25 per cent 
loading of fractions was based on the as- 
sumption that HPO caused a considerable 
increase in radiosensitivity of all normal 
tissues with respect to air, in accordance 
with single dose Sr?" 8 radiation effects re- 
ported by us in skin.* The results, recorded 
in Table vi, showed that these doses in alr 
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Fic. 3. Examples of head and neck cancers before and after treatment. (4 and B) T; N; carcinoma of palatine 
arch (dose 3X 1,000 rads). (C and D) T; Ns carcinoma of tonsil (dose 6X 500 rads). (E and F) T; Ng car- 


cinoma of parotid gland (dose 6X soo rads with skin build up). (G and 7) Carcinoma of skin (6X £00 rads 
with skin build up). 


were not tolerated by mucous membranes. os. Air, and the dosages used were 

In all 6 cases with prescribed 6X650 rads, 4X 726 rads (HPO) o. 4 X 775 rads (Air) 
the course could not be completed, and 

very severe reactions also occurred in the 


2 cases receiving 4X800 rads. T 











head and neck tridi 
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‘his obser- — CU , M 
vation made us reduce the air loading to ^ X sco rads (HPO) vs. 6 X 550 rads (Air) 
so rads per fraction in two trials of HPO bladder trial 
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OXYGENATED ANOXIC ( 1 ^ of total ) 
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—- 3x 1000 reds. 
x 20x 283 rads. 


—9 541000 radi. 
wath. P0 x 285 t ade. 
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Fic. 4. Calculated effect of reduction of dose on cell 
surviving fraction in oxygenated and partially 
anoxic tumor, for courses of 3 or 20 fractions. 

to provide treatments which should result 

in comparable tissue damage and reactions 

and be acceptable in respect to morbidity. 

The patients in both trials were allocated 
to HPO or Air treatment groups according 
to odd or even birthdav, after being first 
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selected as suitable to enter trials on clin. 
ical grounds, Cases were not accepted if 
recurrence developed after previous irra- 
diation, :f blood borne spread was demon- 
strated cr if the prognosis was considered 
too poor on other grounds to preclude a 
sufficiently long follow up for assessing 
tumor response. In general, HPO cases 
were bedded in hospital on and off du ring 
the 3 weeks of treatment involving anes- 
thesia while most air patients were treated 
as out-patien ts, 

In the HPO and Air groups comprising 
the head and neck trial acute m ucosal and 
other reactions were comparable. Twenty- 
nine cases were allocated to this trial, 
which was continued for a 12 month period 
commencing early 1966 and then termi. 
nated. The status of 12 (Air) and 17 (HPO) 
patients in January 1967 is shown in 
Table viz. Regression in the HPO group 
was better and the trial was terminated, 
not because of an apparent statistical dif. 
ference favoring HPO in this respect, but 
because Air treated patients fared worse 
in other ways. This included failure to 





Fic. $. Lymph node metastasis in neck (shown on skin) 


due to underdosage at posterior margin of opposing 


fields, also marked on patients 1) with TiN; carcinoma of palatine arch and (B) with TaN; tumor of oro. 
pharynx, irradiated with 6x 500 rads in HPO. Re-mock up of patients in treatment position in simulator. 
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Taste VI 


PILOT TRIAL WITH 4 OR 6 LARGE FRACTIONS "IN AIR" AT I ATA WITH 4 MEV. X RAYS 



























































SS 
| Prescribed | | " TT | 
" "mo | ia Y | Tumor Response (Primary | ES 
Case and Stage | Tumor Reactions Voc uon ee | Survival 
| GEM l'umor/Ly mph Nodes) 
[Dose (rads)! 
diate aN a el e Lane mu MEM MCCC EK EIE S EOM 
| 
rg . ^ T ^ . T i E 
1 Tonsil T; N; 4X8oo | Moderately severe | Regression but P and N re- | Died 6 months--hemorrhage from 
(22 days) | curred within 3 months | primary recurrence 
2. Tongue Ty Ng 4X Boo Severe necrosis | P and N never regressed but | Died 6 months--recurrence, necro- 
(22 days) progressively grew | sis, metastases at 4 months 
M tyn - r - Y . H . . : 
4. Floor of Mouth Ty Ni | 6xX6so | Very severeand only | P and N marked regression | Died 2 months necrosis and metas- 
| (17 days) | § 650 rads given but residue at death tases of lungs and abdomen 
4. Posterior Pharyngeal | 6X 650 | Very severe and only | P and N recurred within 3 | Died 8 months--recurrence and 
Wall T» No | (17 days) | sX6s0 rads given months | metastases 
a ct NL Ee ani Ima yl aaae ee AR ORNS i a rl I he Beane en ta rs ARMAR DAN FUA Y VA AAA ie Re AAA m i A ARNIS Pa iem e Wk a E an ee ~ Penn I rad AA AAAA INSANE m mete AN E e MUR HA et aa HPV mmt omma m s m Pa AA hE raga IG rr YR BM ARIAS SIS nr itm d 
g. Lower Alveolus Ty Na |! 6X 650 | Very severe and only | P and N never regressed—re- | Died 3 months—recurrence and ne- 
(17 days) | 5X650 rads given | currence and necrosis | crosis; metastases to liver 
i H 
FEMME EET MEM Ene Rd pe——À ta een erem. D rae taireime sen re i aiii m de mà Ha naan ant am ——— BÀ TE TA P PAIN RIARP IMS oi MNA AEA m a IET rm HEBR A nt a rav iA 
E a oe : ADM ONE : 
6. Lower Alveolus To No | 6X650 | Very severe and only | P and N recurred with ne- | Died 12 months—from recurrence 
(17 days) | 5X650 rads given | crosis | and necrosis 
— — — 5———— pO Uns in omen oe it t a A A PARARE ras at ipe retium SAH i a a ui xA ream er am APT Ta faassen nani tta ———— 
=, Ear Melanoma (ex. | 6X65o0 | Very severe andonly | Clearance of lymph nodes | Died 12 months- metastases to 
cised) Ty Ny (17 days) | 5X 650 rads given lungs, bones, etc. at 3 months 

















sence | 
i 
£ 
1 


[ 
8. Rectum (inoperable) | 6x6s5o | Very severe and only | Temporary regression fol- | Alive 9 months—with gross recur- 





Stage 111 | (17 days) | 5X650 rads given lowed by recurrence and ne- | rence, necrosis and colostomy 
crosis (recto-vesical fistula) | 
i f i 


check tumor growth during treatment, centers in various countries engaged in 
early rapid regrowth of tumors after a HPO studies, ?^?^9! has encouraged us to 
short lived regression following treatment pursue studies aimed at improving radio- 
and the higher proportion of Air patients therapeutic results with HPO rather than 
requiring early retreatment of recurrences continue a time-consuming trial along 
by radical surgery, interstitial implanta- present lines. 

tion and re-irradiation in HPO in attempts 
to palliate. In this trial, clearance rates ob- 
tained for HPO and Air treatments re- Our early experience of treating ad- 
spectively were very similar to those re- vanced T, T4 bladder cancer with 3X 1,000 
ported previously in a retrospective anal- rads in HPO gave unsatisfactory re- 
vsis.°? This over-all experience, taken in  sults?^ #7 in that the rate of necrosis was 
conjunction with that reported from other high and largely responsible for a poor sur- 


CANCER OF THE BLADDER 


Tage VII 








«AIR. VS. HPO” TRIAL" IN ADVANCED CANCERT OF UPPER DIGESTIVE AND RESPIRATORY PASSAGES 
aa ac ae a gee recon ge ea ae A a A ai meyi ia ANNAA MEME : Renee 
| Primary Tumor Lymph Nodes — Both CI | Survival Beyond 
| Clear | Clear | este | 6 Months 
IEEE a ECCO TELE MT ed " 
i i » i 3 F Ye i doas ^ Y ^ 
AIR | 6/12 (50%) — | — zT) | 2/13 (1570). — | 7/11 (64%) 
: Me j OF: aoe ate T vod Te t9sc: 
HPO | 14/17(82960 | 9/13 (69%) | — "tU (71%) — | — 12/15 (8070) 
rie t m im m n i n a] aeter ette mae ttt a encima ee-tenntnnpeimenreeaintunncuiernbepasinmabndredssnannamecreiabinbbate tt i er atr A ame Tr i ttis ere D meti aeterne eere t innen remm 
2 | ius | 
n.s. | X 73.83 | x= 4.6 | n.s 
| p2o.o$ | p «o.05 | 


* Dosage 4X 725 rads (HPO), 4X 775 rads (Air). 
i Ta, dus Na, N disease, 
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Tage VIH 


Number of cases 
Stage* 
Distant metastases before irradiation 


Severe renal dysfunction or pyelonephritis due to uret- 


eric obstruction before irradiation 


Failed major surgery before irradiation (excluding 


cysto-diatherm y) 
Effects of radiation not assessed t 


No regrowth of primary tumor 


Necrosis of bladder or bowel 


Cumulative survival at 1 year (all cases) 


Cumulative survival at 1 year (excluding cases with 


metastases or severe renal failure before irradiation) 
Cases alive at <1 year 


Cases surviving 2-6 years 
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41662570). |. 7/27 (26%) — | 
| | 
1611976) | 4/27 (is%) | 
5/16 (31%) |o S27 (18%) | 
| j/tr (2307 | 3/23 {Ral | : 
| gf il (32545) | 19/23 (8250) | n.s. 
i 1 "a Ind. ow 
f yf Pe ten ‘ , Pad 1 ; 
| 9/14137700. d 3/234 999) | P <0,001 
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11/12 (9395) 


mamana ee RR 


mi | 6 | 


Do 


* T muscle invaded, no mass; T4 mobile mass; T4 tumor fixed to pelvis, 
T Dead or alive 4 months after irradiation, or inadequate follow up. 


vival rate. With a change of fractionation to 
6 X 500 rads, results have improved greatly. 
This is shown in Table vir where the two 
fractionations are compared in 43 cases. 
While tumor clearance is high at 82 per 
cent for both dosages, necrosis of bladder 
and bowel dropped significantly from <7 
to g per cent, and was accompanied by a 
corresponding significant rise in survival at 
I year from 12 to 7I per cent. This result 
is similar to that obtained for head and 
neck cancer (Fig. 1 and 2; Table v). Mega- 
voltage results reported by Wallace and 
Payne® for conventional radical fraction- 
ated treatment of T, T; and T, bladder 
cancer show a I year survival as so per 
cent (T;), 46.8 per cent (T3), and 28 per 
cent (T ;), respectively. It is concluded that 
HPO does appear to greatly improve the 
radiotherapeutic management of advanced 
bladder cancer. 

That this improvement is not solely due 
to modified fractionation is supported by 


the progress results of a clinical trial being 
pursued, with randomized cases given 
6X 500 rads (HPO) or 6X zzo rads (Air) 
(Table 1x). More early deaths due to re. 
Current tumor have appeared in the Air 
treated group, 


RADIOSENSITIVITY OF NORMAL TISSUES 
BY HPO 


This ws, of course, a crucial factor in 
hyperbaric radiotherapy, and animal ex- 
perimentation® 49.55.56.65.66.67 has drawn at- 
tention to this effect. Clinical observations 
also suggest that certain normal tissues 
are relatively more radioresistant in Air 
than in HPO. A clinical experiment with 
skin showed this tissue to be more radio- 
sensitive in anesthetized patients in HPO, 
and for large single 8 ray doses, a 2 § per 
cent increase was tolerated in air. However, 
the difference is less for mucous membranes 
of the upper digestive and respiratory 
passages. For bone, cartilage and other 
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connective tissues large differences 1n sensi- 
tivity have not been observed. Two tissues 
we have recently studied in patients, with 
4 view to measuring radiation damage in 
HPO, are the cervical spinal cord and 
salivary glands. 

(1) Radiation Myelitis in HPO. In 
radical irradiation of head and neck dis- 
ease, the cervical spinal cord and brain 
stem are most vulnerable structures and it 
ig most important to have quantitative 
knowledge of the risk of inducing myelitis. 
It has been our policy to plan regional 
treatments of advanced head and neck tu- 
mors in HPO with a view to reducing dose 
to the spinal cord but this 1s often Impossi- 
ble with widespread disease. To assess the 
risk of myelitis, the incidence of this com- 
plication has been determined in 239 cases 
surviving 9 months after irradiation, and 
in 157 cases surviving over 12 months after 
treatment respectively. The spinal cord 
dose could be accurately determined in 
each case from the isodose contours. The 
maximum spinal cord dose was expressed 
as à percentage of the prescribed. tumor 
dose to the nearest 20 per cent increment, 
and the n/n value calculated as already 
described, using extrapolation numbers 
m=2 and m — 4 respectively. There were 21 
cases of myelitis. The incidence of myelitis 
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was plotted against 7 /ny, and a good linear 
fit was obtained, giving regressions with 95 
per cent confidence limits 


j 
tà 


y = — 0,087 (£0.044)x — 9-320 form = 


d 


y = — o.111 (£0.011)X — 0.312 for m = 4, 


respectively (Fig. 6). 

These relationships have been used to 
predict the incidence of cervical myelitis in 
HPO. If one accepts as permissible a § per 
cent risk of inducing myelitis in cases with 
advanced disease of this type, the spinal 
cord dosage should not be higher than that 
shown in Table x. Of course these estimates 
of risk are derived from calculations based 
on data for 2-6 fractions only, and esti- 
mates for larger numbers of fractions (10- 
30) are extrapolations and assume a linear- 
ity of effect for all fractionations. It 1s 
difficult to use available published data for 
fractionated radiation in Air, such as that 
reviewed by Atkins and Tretter,? to test 
these calculations of risk in HPO extrap- 
olated to large numbers of fractions and 
decide whether HPO does carry the risk of 
increasing radiosensitivity of the cervical 
spinal cord. However, Friedman's data" 
for the thoracolumbar spinal cord, gave a 
10 per cent risk at a dose level of over 
coo rads (3o daily fractions), and the 


TapE IX 


Number of cases 





AIR | 
(6X550 rads) 


AIR VS. HPO TRIAL IN BLADDER CA NCER-—PROGRESS RESU LTS 


HPO 
(6X500 rads) 


| 8 | ; 
i i? t 
Stages (primary tumor) | 17, sh al | 1 To iTe — 6l, 
Distant metastases | o/8 | r/8 
Renal failure (infection) | 1/8 4/8 
Postsurgical recurrence | 1/8 2/8 
No regrowth of primary tumor | 8 (as | c/6t (83% 
i e E j' L5 ] | 6 (25 7) | A ot ^ 396) 
Necrosis of bladder or bowel | ni | nil 
i alc ECT ENDO AER FEDERE 1 Some i ie adsit erue ti rt d itineri iti tire eris M TU CAP 
Su rvival | D D, Ds Ds D. | D.* 
(Dead or Alive in months) | As As Ais | A, As As Ar Az Ar Ato 
* Tumor with ureters transplanted, gross renal infection and dihiscence of wound prior to irradiation. 
T One case died at 2 months, too early to assess,” and 1 case with cerebral metastasis was not assessed although marked regression of 


primary tumor was observed 4 months after irradiation. 
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incidence | 4) 
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— 0-087(+ 0-014 )x-0-320 





Fic. 6. Incidence of radiation myelitis of the cervical spinal cord fer 4 mev. x rays in HPO plotted as a func- 
tion of 2/7, (for Da= 130 rads, m= 2). Confidence limits shown zs 1 Standard Deviation. Regression line 
(y= —0.087 [t 0.044]x —0.320) fitted to data by the method of lesst squares. 


present calculations from HPO data based 
on m=2 put a Io per cent risk for 30 frac- 
tions in HPO at 4,050 rads, and at 6,600 
rads for m= 4. 

One can only conclude that there is, as 
yet, no acceptable evidence that the hu- 
man spinal cord is more radiosensitive in 
HPO than in Air. The dose-effect calcula- 
tion used in our HPO studies of spinal 


TABLE X 


CERVICAL SPINAL CORD DOSES (FRACTIONATED 4 MEY, 
X RAY TREATMENTS IN HPO) CARRYING A § PER CENT 
RISK OF CAUSING RADIATION MYELITIS 
(For m=2 and m= 4 respectively) 


Fractionated Dose | Cumulative Dose 


(rads) (rads) 
1X1,360— 1,156 | 1,360—1,1454 
3X s10— og | 1,530—1,515 
4X 410— 425 | 1,640— 1,700 
6X 300— 340 | 1,800— 2,040 

I]0X 220— 275 | 2,200—2,750 
1 gge ago: - 3,100— 4,600 
30X 130— 210 | 1,900 — 6,300 


cord damage should be useful for assessing 
the risks with. conventional. megavoltage 
treatment, and these data would be neces- 
sary if radiosensitivity in Air is to be com- 
pared with that in HPO. A more detailed 
account of the incidence of myelitis in HPO 
Is described elsewhere.” 

(2) Srialadenitis in HPO. An important 
study by Kashima ef al.” has shown that 
exposure of the human salivary gland com- 
plex to relatively small doses of x rays 
caused rapid acinar cell damage and leak- 
age of salivary amylase into the blood 
stream. Within a few hours of radiation 
hyperamvlasemia results and reaches a 
maximum at about 24 hours after irradia- 
tion, when the serum amylase falls equally 
rapidly to within normal limits at about 3 
days after irradiation. We have used this 
rise in serum amylase to measure the 
amount of salivary tissue remaining intact 
after repeated exposures of this tissue to 
radiation treatments in HPO.” Cases of 
head and neck cancer receiving 4725 rads 
spaced at weekly intervals were studied. 


"S 
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Taste XI 
SERUM AMYLASE VALUES (WOHLGEMUTH UNITS) IN CASES OF HEAD AND NECK CANCER, MEASURED 
IMMEDIATELY PRECEDING EACH 724 RAD FRACTIONATED TREATMENT AND 24 HOURS AFTER 
EACH IRRADIATION RESPECTIVELY 
(Four fractions [I-IV] of 725 rads in HPO over 21 days) 


eme tah PA ARATRI E I aa a Ee SS n MA IER t ia mmm et 


jarred i e ritate rr dem rari des 





I 
<50% salivary glands irradiated | 
(a) Before irradiation | 4.70.8 
| (7) 
TRUE | 15 
(b) 24 hours after irradiation | 110.8t29.5 
| (6) 





> 50% salivary glands irradiated | 
(a) Before irradiation 2.82076 

(9) 
195.0 38 o4 
(8) 


| 
(b) 24 hours after irradiation | 
| 


Aer aH RA i E RASA TH Nt aa S a i an a NEC HEN wann mr rrt rtr I MT 


Samples of blood were taken for serum 
amylase estimation immediately before 
each fractionated treatment and at inter- 
vals afterwards. For a single dose of 725 
rads the serum amylase level (SAL) 24 
hours later was directly proportional to the 
mass of salivary gland tissue included 
within the irradiated volume (Fig. 7), con- 
firming the findings of Kashima et al. When 
the 24 hour postirradiation SAL was com- 
pared with the corresponding preirradia- 
tion value for each of 4 successive 725 rad 
fractions in HPO, a progressive reduction in 
the 24 hour value (7e. the amount of en- 
zyme appearing in the blood) occurred 
during the course of treatment (Table x1); 
even after the glandular tissues had re- 
ceived 2X 724 rads, no further significant 
elevation in SAL was produced by further 
doses. This suggests that glandular tissue 
was inactivated by irradiation at a dosage 
level corresponding to a z/zec-107 in 
HPO. There is also good reason to believe 
from histologic and other studies that this 
inactivation of salivary tissue is permanent, 
since cases retreated by irradiation for a 
second time after several months showed 
little or no postirradiational rise in SAL. 
We have tried to protect against this type 
of cellular damage by giving massive doses 
of prednisolone intravenously preceding ir- 
radiation on the hypothesis that this type 


—€——————— Rd 
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muri WARN Am uo reri hh eh ran 


H | n |o aw 
SORORE E tensile ee _ 
3620-6 | ALTO | 4.otr.o 
0 | @ | 9 
66.4 11.7 | jo.4q b 2.97- d | "aIIE2A3 
(7) | (7) | (7) 

| 
3.40.5 384: 0:6 3.40.5 
(9) (9) (9) 
$3.6 15.2 11,73 4.1 9.913 
(8) (9) (8) 


of interphase cell damage is due to a de- 
struction of membrane interfaces and a 
release of lysozomal enzymes. While the 
kinetics of postirradiation amylase release 
is modified by such pretreatment, there ap- 
pears to be little real protection as is shown 
by fractionated dose studies.9 Although we 
have not attempted to use this method for 
comparing the sensitivity of salivary tis- 
sues to irradiation in HPO with in Air, this 
may be a possible approach to the problem. 


TUMOR AND TISSUE OXYGEN 
TENSION MEASUREMENTS 
Many radiobiologists and clinicians are 
interested in studying oxygen tensions in 
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SERUM AMYLASE 
24 hrs. post irradiation 


50 100 
% SALIVARY TISSUE Irradiated (725 rads) 


Fic. 7. Serum amylase levels 24 hours following ir- 
radiation of salivary gland tissue with 725 rads 
(4 mev. x rays in HPO) related to estimated mass 
of salivary gland tissue complex included in the 
irradiated volume. 
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tumors, either directly by using polaro- 
graphic techniques or indirectly in animal 
experiments — using — microracdiographic 
methods to demonstrate vascular patterns. 
The information made available so far is 
not unequivocal and provides no more than 
a rough guide to intracellular pO, in. tissues 
and radiosensitivities. Our own polaro- 
graphic studies in experimental animal 
tumors,” and in patients ? subjected to 
HPO, have indicated: (1) that radio- 
biologically significant low pO, values of 
«4 mm. Hg are registered more frequently 
in tumor than in normal tissues under 
ambient conditions; (2) that HPO up to 4 
ATA usually causes progressive rises in 
tumor pO. to high values but not always; 
(3) that rate of rise in pO, varies and usu- 
ally the lower the electrode pO, value in 
air, the slower the rise during compression; 
and (4) that in HPO at 4 ATA the mean 
pO, value for go measurements made in 
iarge human tumors was 620 mm. He (a 2g- 
fold increase), and was double the rise to 
326 mm. Hg (a 12-fold increase) recorded 
at the necrotic centers of 23 transplanted 
tumors in rats. In the latter we were unable 
to significantly increase the value in HPO 
at 4 ATA by adding CO, at high partial 
pressures to oxygen under pressure,” al- 
though CO, did greatly increase pO, re- 
corded in the central nervous system of 
rats under HPO.” Some animal tumor 
studies have suggested that fractionated ir- 


radiation causes progressive oxygenation of 


the tumor and that fractionation thereby 
reduces the need to adopt measures such as 
the hy perb varic technique to improve radio- 
sensitivity. A progressive fractionation 
schedule is also recommended, based on 
this hypothesis. However, RE ER of 
tumor microcirculatorv responses to ir- 
radiation by other workers?! yielded differ- 
ent results and a clinical trial from Man- 
chester to compare a "progressive" frac- 
tionation technique with an equal incre- 
ment technique, showed no difference in 
either cure rate or radiation reactions.” In 
the polarographic studies of pO; in human 
tumors under HPO by Evans and Naylor’ 
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and ourselves? some evidence was obtained 
that a previous irradiation treatment was 
in fact succeeded by some rise 1n pO, par- 
ticularly if pO, values were compared when 
the patient was pressurized in HPO. Never- 
theless, to support the thesis that fractiona- 
tion per se oxygenates tumors, whose radio- 
resistance is due to anoxic cells, corre- 
sponding cure rate data must be provided. 
In our own retrospective clinical studies of 





advanced malignancies, prolonged frac- 
tionate:; dosage to tolerance levels did 


not give tumor clearance rates which dif- 
fered significantly from those following 
shorter courses of larger fractions.” How- 
ever, for earlier disease fractionation may 
well be a factor which tends to improve the 
radiobiologic anoxia present to a lesser de- 
gree in such tumors and it would be of in- 
terest to compare results from radical 
courses, let us sav of 4-6 fractions, with 
20-30 fractions, both taken to tolerance 
E levels in patients with Stage 1 and n 
disease. This information would certainly 
guide the so called "hyperbaricists" with 
design of HPO trials based on more curable 
material than that enjoyed to date. 


METASTASES AFTER HPO TREATMENT 


This important matter was raised bv 
Johnsoa and Lauchlan™ who suspected that 
metastases grew more rapidlv in cases of 
cancer of the cervix uteri they treated in 
HPO with prolonged fractionation. A re- 
cent study of our own® did not demonstrate 
the valilitv of this phenomenon in head 
and neck disease. Experimental studies??? 
have also been negative. However, the 
observation of Johnson and Lauchlan 
merits further investigation of suitable 
material. I beleve that causative agents 
other than HPO may be involved, such as 
stress caused by nonspecific factors in treat- 
ment and the liberation of corticosteroids. 
Cogent to this possible explanation is the 
claim by Paterson and Russel that in the 
Manchester clinical trials, postoperative 
radiotherapy in breast cancer! and lung 
cancer? respectively, was associated with a 
higher incidence of blood borne metastases. 
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CONCLUSIONS 

I will conclude by saying that my earlier 
experimental studies of oxygen effect in 
solid animal tumors convinced me of the 
reality and importance of this factor as a 
major cause of tumor radioresistance and 
that it must be of some importance to 
radiotherapy—a view I am sure is now 
generallv accepted. While hyperbaric Oxy- 
gen may not be the ideal technique in re- 
versing tumor anoxia and corresponding 
radioresistance, it is nevertheless a practical 
measure which can be invoked. My own 
clinical experience of HPO has convinced 
me and others that it offers a worthwhile 
improvement in the results of radical 
radiotherapy —even if such results are to be 
assessed in terms of palliation and relatively 
short term survival rather than long term 
cures. The use of adjectives such as “spec- 
tacular" or “dramatic” to describe its 
effects hardly describes the situation and is 
certainly not desirable. Nor does this tech- 
nique abrogate the classical disciplines of 
the radiotherapist in prescribing uniformly 
distributed doses to tumors and of a magni- 
tude which taxes tolerance of most tissues 
of the body and thereby incurs significant 
risks of acute and chronic morbidity. 

If one were to pose the question of its 
proven value in radiotherapy, I would sug- 
gest that the answer depends on what 
values are acknowledged as acceptable and 
to what extent proof is required. Clinical 
experience and early results of trials do 
indicate that hyperbaric oxygen improves 
the effectiveness of radiotherapy in causing 
more advanced primary tumors and lymph 
node metastases in certain situations such 
as mouth and throat and bladder to regress 
more frequently. Whether it would do so in 
earlier disease with much better prognosis 
after more conventional radiotherapy or 
surgery 1s not answered at present and it 
would be a difficult and arduous task re- 
quiring many vears to establish such im- 
proved cure rates with acceptable statistical 
certainty. And one must remember that 
few clinical trials in radiotherapy so far 
have, in fact, established the superiority of 
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a particular technique over another and 
thereby revolutionized | radiotherapeutic 
practices. For example, one has only to 
draw attention to the long term clinical 
trials conducted in Manchester and in 
other leading centers, as to the value of a 
particular brand of postoperative radio- 
therapy and certain innovations, to realize 
how difficult it 1s to establish evidence of 
proof, sufficiently. noncontroversial to be 
internationally accepted by practicing clini- 
clans. 

To me, a constant awareness in the 
clinician that the “oxygen effect” exists as a 
biologic phenomenon which might affect 
the response of a particular patient's tu- 
mor to irradiation, and that the principles 
of cellular radiobiologv might help to con- 
solidate the theoretic basis of radiotherapy 
are of utmost importance. 

It HPO studies in clinical radiotherapy 
have done nothing more than encourage 
such awareness and induced the radio- 
therapist to lean more heavily on radio- 
biology, the efforts have been most re- 
warding, even if the clinical dividends from 
HPO do net appear as sufficiently exciting 
to merit a more widespread introduction of 
hyperbaric facilities to radiotherapy centers 
as aids to cancer treatment. 

St. Thomas’ Hospital 
London, S.E.:., England 


The clinical studies and results presented 
in this Lecture were prosecuted at the Can- 
cer Institute, Melbourne, Australia. The 
author is indebted to his colleagues in the 
Hyperbaric and Radiobiological Research 
Unit of that Tasti COO and especially to 
Drs. R. C. Kerr, N. M. Cass, J. P. Madigan 
and R. A, Hurley and to Mis. W. Riches 
and Miss L. Torrens. Their devotion to the 
work and cooperation made this project 
possible. Miss D. O'Reillv, Peter MacCal- 
lum Clinic, Melbourne and Mis. A. van den 
Brenk, Royal Victorian Eye and Ear 
Hospital are thanked for assistance with 
illustrations and Miss M. Cowman, St. 
Thomas’ Hospital, London, for secretarial 
assistance. 
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RADIATION THERAPY ADMINISTERED UNDER 
CONDITIONS OF TOURNIQUET-INDUCED 
LOCAL TISSUE HYPOXIA* 


By HERMAN SUIT and ROBERT LINDBERG 


HOUSTON, TEXAS 


ARCOMAS of bone and soft tissue are 

considered in the radiotherapy litera- 
ture as possessing a special radioresis- 
tance. Because of the opinion that radia- 
tion therapy is ineffective in the treatment 
of these lesions and that thev are un- 
common, only very limited clinical experi- 
ence has been accumulated in the treat- 
ment of these neoplasms by radiation 
therapv. 

One creditable explanation for the 
"radioresistance" of these tumors has been 
that thev possess viable but severely 
hvpoxic and hence radioresistant cells. 
If this were the explanation for their 
apparent  radioresistance, then radio- 
therapy administered with a technique 
which eliminated tissue pO» differentials 
between tumor and normal tissues would 
be expected to achieve a greatly increased 
effectiveness in terms of local control of 
tumor for a specified likelihood of clini- 
cally significant damage to normal tissue. 

A simple, direct, and relatively effec- 
tive way of essentially eliminating tissue 
pO. differentials between a tumor of an 
extremity and the surrounding normal 
tissue would be to apply a tourniquet to 
the upper thigh or arm and thereby pre- 
vent accession of oxygen-containing blood 
to the part. Then, as the oxygen, present 
in the tissues at the time the tourniquet 
was applied, is utilized, the tissues would 
become progressively more hypoxic. Ac- 
cording to the few studies on this subject, 
pO, of human muscle has been observed 
to decrease rather slowly following tournt- 


e 


would be required for the pO, to decrease 
to appropriate hypoxic levels." Some 
small amount of blood does pass into the 
extremity, despite the tourniquet, via the 
medullary vessels of the bone. 

The present paper is an account of 6 
years’ experience in the treatment of 
sarcomas of bone and soft tissue arising 
in the extremities employing tourniquet 
produced hypoxia of the normal tissues 
at the time of irradiation. Progress reports 
of this study have appeared earlier.‘ 


MATERIALS AND METHODS 


GENERAL PLAN OF STUDY 


This study was initiated in June 1961 
and has been continued as a pilot or first 
phase study. Our first objective was to 
develop a safe treatment technique em- 
ploving the tourniquet. Then we planned 
to treat a sufficient number of patients bv a 
constant total dose and fractionation 
schedule to provide an indication of the 
effectiveness of this treatment method. 
If the results were to prove promising, 
then a clinical trial would be planned to 
evaluate the relative efficacy of radiation 
therapy administered under conditions of 
normal blood flow and under conditions of 
tourniquet produced tissue hypoxia. Our 
current plan is to initiate a limited trial 
later this year. 

Although there are no “control pa- 
tients" in a strict sense of the word in our 
material, a number of patients were seen 
as candidates for treatment in this study, 
but could not be accepted because: (1) 
their tumors were not located in anatomic 
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sites which permitted tourniquet applica- 
tion, or (2) thev had distant metastases. 
Some of these patients were accepted for 
radiation therapy under conditions of 
normal blood flow. 


CLINICAL MATERIAL 


In the study series (tourniquet tech- 
nique) 44 patients have received a com- 
plete course of therapy at least 6 months 
before this writing: 22 osteosarcomas, 4 
primary bone sarcomas other than osteo- 
sarcoma, and 18 soft tissue sarcomas. Two 
patients (designated as osteosarcomas of 
femur) received incomplete treatment and 
are not included in our tables: one de- 

veloped traumatic neuropathy after tourni- 
quet application because of uncalibrated 
tourniquet; and a second patient fell 
while walking on a wet floor, producing 
a severe fracture through the tumor area. 
These patients were referred to surgery 
for disarticulation. In Table 1 are presented 
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pertinen: details of these 44 patients. As 
noted bv inspection of Table 1, the group 
of soft tissue sarcomas is listed under a 
variety e^ "diagnoses": 4 each of unclassi- 
fied sarcoma, liposarcoma, | neurofibro- 
sarcoma. 3 rhabdomyosarcomas, 2 synovial 
cell sarcomas, and 1 fibrosarcoma. The 
age, sex, and site distributions do not ap- 
pear remarkable. 


“CONTROL CASES 


During the period that the tourniquet 
treatmert has been under evaluation, 9 
osteosarcomas and 4 soft tissue sarcomas 
have beer treated by conventional therapy 
techniques to doses of at least 6,000 
rads in 3-6 weeks. In 6 patients, a diag- 
nosis of « stant metastasis was made at the 
time they were seen for the primary tumor 
of distal extremity (5 osteosarcomas, 1 
fibrosarcoma); they were treated by the 
same frectionation schedule as were the 
tourniquet technique series: 500 rads tumor 


TABLE I 


RESULTS OF RADIATION TREATMENT OF SARCOMAS OF EXTREMITIES UNDER HYPOXIC CONDITIONS: 


TOURNIQUET TECHNIQUE 





Pad aia d RD. : Presence of 
Dose | of l Duration Intact Tumor 
Case g; Ag Se Dose" a Metastasis Limb of Local Cells at Present? 
No. SER AES SES dus Mni: After Functior? Control Amputation (a) Status 
d Prr gai , Therapy (mo.) or 
(krad/ da. / no.) (ae) Necropsy (n) 
I. Osteosarcoma 
I femur 16 M 12/40/12 12 +++ > 37 + (n) D(DM) 
2 femur 16 M 12/37/12 2 “4 + -- > 8 + {n} D( DM) 
3 femur 13 F 12/36/12 2 4 2$ sut) D(DM) 
4 femur 16 M 12 36/12 o o > 6 D(DM) 
5 femur 11 E t3 36/12 Oo ++ > 10 - (n) D(DM) 
6 femur 14 M 12/3 36/12 2 4E >g - (n) D(DM) 
7 femur 18 M 12/36/12 3 BE > 8 (n) D(DM) 
8 tibia 14 M 12/36/12 4 o? 8 - (a) D(DM} 
9 femur £x M 12/36/12 SNB -4 +--+ R126 -+ (a) D,I 
10 femur 13 EF 12/: 36/12 2 +3 > 6 D(DM) 
1i tibia 17 M 12/ 36/ 12 24 44 R@i2 -+ (a) D(DM) 
12 femur 13 M 14/43; 14 L3 R18 D(DM) 
13 femur 13 F i al P 2 y 4 -+-+ > 9 D(DM) 
14 tibia 16 M 14/ 4. ul 14 2 A43 RGE D(DM) 
1S femur 17 F 14/43 2 d4 5 -+ -+ RU D(DM) 
16 radius 13 F 14/43/14 4 pe 212 D(DM) 
17 tibia 16 M 16/ so/ 16 8 o >13 -— (a) D(DM) 
18 tibia 16 M 16/ 20/16 2 o > 9 4- (a) D(DM) 
19 femur 4 M 16/50/16 4 s > 10 D(DM) 
20 femur 18 M 16/50/16 13 Lu a8 LIDM} 
21 femur 21 M 16/ 50/16 17 of >18 NED 
22 femur 18 F o/16 3 j- >10 D(DM) 
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Tourniquet-Induced Hypoxia 


Taste I (Continued) 
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Appearance 
Radiation of 
Case S; AS Sox Dose Metastasis Limb 
No, TR Sc "eT Dose/Time/ After Function! 
Fractions Therapy 
(krad/da. /no.) (mo.) 
II. Primary Bone Sarcoma Other Than Osteosarcoma 
23 tibia 26 M 12/36/12 13 o? 
Ewing's tumor 
24 — femur 14/43/14 > 43 gu 
unclassified sarcoma (suggesting liposarcoma) 
25 femur 16/50/16 >25 4 
chondrosarcoma 
26 foot 16/50/16 224 Ó 
fibrosarcoma (post excision) 
IIT. Soft Tissue Sarcoma 
27 popliteal space 33 F 8/23/8 >66 RBS 
unclassified sarcoma (two 9 cm. diameter lesions) 
28 ankle 14 M 12/36/12 >23 ot 
fibrosarcoma (post excision) 
29 ~— ankle 58 M 12/36/12 > 29 ot 
liposarcoma (post excision) 
39 knee 21 F 12/36/12 34 MTdóberE 
unclassified sarcoma (recurrence after perfusion) 
3t knee 24 M 12/36/12 > 51 dE 
synovial (post excision) 
32 forearm 61 F 12/36/12 8 ff + 
pleomorphic liposarcoma (8 cm. lesion) 
33 knee 69 F 14/43/14 >28 +°? 
unclassified sarcoma (recurrence after excision) 
34 . forearm 2? M 14/43/14 5 Tere 
alveolar rhabdomyosarcoma (recurrence after excision) 
35 leg 55 F 14/43/14 > 31 PET 
rhabdomy osarcoma (post excision) 
36 foot 17 F 14/43/14 3 tept 
unclassified sarcoma (post excision) 
37 knee 16 M 14/43/14 >21 qb 
synovial (post excision) 
38 forearm 42 M 14/43/14 224 of fe +f 
pleomorphic liposarcoma (post excision) 
39 forearm 54 M 14/43/14 218 + -f + 
neurofibrosarcoma (post excision) 
40 ankle 19 F 14/43/14 Io -fe 4-8 
alveolar rhabdomyosarcoma (post excision) 
4I knee 29 M 14/43/14 > 14 nass 
neurofibrosarcoma (post excision) 
42 forearm 9 E 14/43/14 212 dH 
neurofibrosarcoma (post excision) 
43 leg 55 F 14/43/14 > 8 4 
well differentiated liposarcoma (post dd 
44 leg 38 M 14/43/1 > 9 qp 
! Limb Function After Therapy. 
o Useless limb, necrosis 
-4 Walk with erue los 
pupa Partial weight bearing 
+++ Walk with limp (no cane or crutch} 


+t Near normal 


Presence of 


Duration Intact Tumor 

of Local Cells at 

Control Amputation (a) 
(mo.) or 


Necropsy (n) 


II — (a) 
IO -+ (a) 


R@18 + (a) 


> 107 -+ (a) 


? Necrosis due to short tourniquet time before start of each treatment session (see Reference 4). 


? Fracture through tumor site. 
4 Amputation for painful limb or necrosis. 


Present? 
Status 


n NAAA aaa aaa aaa aaan aaan aaa aA A AA A A AAE AE ELEA a AAAA AAA AAAA K A A AAA AA AAA TA AA A e 


D, I 
D(DM) 
NED 
D(DM) 
L(RM) 
D(DM) 
NED 
L, DM 
NED 
NED 
NED 
L, DM 
NED 


5 D= Dead; A= Alive; DM Distant Metastasis; L= Living; I=Intercurrent Disease; RM = Regional Metastasis; NED- No 


Evidence of Disease; R@= Recurrence at. 
$ Local recurrence. 


? Amputation necessary in surgical treatment of regional lymph node disease. 


$ Superficial necrosis in biopsy scar. 
$ Subsequent amputation because of vascular failure. 
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dose per session, 2 treatments per week 
(on successive days). The other 7 patients 
had lesions at sites such that a tourniquet 
could not be applied (e.g., proximal ex- 
tremit y, pelvis, base of skull, etc.) and were 
treated using the standard daily fractiona- 
tion schedule. 


TOURNIQUET TECHNIQUE 


A full description of the treatment pro- 
cedure and an explanation of the necessity 
for maintaining the tourniquet in place 
at full pressure for >30 minutes before 
each treatment session were given in 
1965.4 Briefly, the technique and timing 
which have been emploved for the recent 30 
patients is as follows: (1) heavy sedation 
achieved by intramuscular and intra- 
venous injection of meperidine (demerol) 
and pentobarbital sodium (nembutal) and 
an intravenous Infusion of § per cent alcohol 
in glucose; (2) about 1 hour after start of 
sedation, elevate limb for»1 minute and 
then fit a pneumatic tourniquet to the 
proximal thigh or arm and raise pressure 
to §somm. Hg or 250 mm. Hg respectively; 
(3) place limb inside a thin polyethylene 
bag, displace the air by a rapid flow of 
nitrogen; (4) start irradiation 30-44 min- 
utes, by the clock, after tourniquet ap- 
plication; and (5) give meperidine as 
needed during the period of tourniquet 
application which should not exceed 60 
minutes. The use of the nitrogen.con- 
taining bag in an attempt to reduce oxygen- 
ation of skin from the outside is considered 
to be of only minor importance. 


RADIATION TREATMENT METHOD 


Study series. Vhe basic technique con- 
sisted of parallel opposed fields, cobalt 
6o irradiation, 100-130 cm. source skin 
distance, and field sizes of 25-35 cm. X 10- 
1$ cm. (except for ankle and foot lesions). 
The dose rate varied from «20 to «10oo 
rads/min. (for the last 3o patients the 
dose rate was 46-100 rads/min.). Treat- 
ments were administered on each of two 
successive days for 6 to 8 successive weeks 
(a total elapsed time of 36 to £o days); 
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only one treatment field was em ploved on 
any one cav. 


Radiation dose. This was 1,000 rads, 
calculated at the mid-portion of the 
extremity, at each treatment; the given 
dose was therefore usually =1,200 rads 
per session. Total radiation dose has 
varied from 8,000 rads in 23 davs to 
16,000 “ads in so days. Out of concern 
for the large doses involved, the first 
patient received 8,000 rads in 23 days. 
For the subsequent 17 patients the 
dose was 12,000 rads in 36 days. After 
a recurrence had been observed in an 
osteosarcoma case, the dose was raised 
to 14,000 rads in 43 days for all cases. 
This dose has been continued in the 
soft tissue sarcomas but was raised to 
[6,000 rads in £o days in the osteo- 
sarcomz series, when an osteosarcoma 
recurrei after 14,000 rads. 

Shrinking field technique. The radia- 
tion field was very generous for the first 
10,000 rads, ozz. the full width of the 
extremity being covered for some 25~ 
35 em. The fields were trimmed for the 
uith and 12th treatment so that the full 
width cf the extremity was not irradi- 
ated. For the i3th and subsequent 
sessions, the field size was further re- 
duced so that onlv the actual site of the 
primary lesion was included, Ze, a 
held size of ~15X10 cm. 


"Contre! series," These patients were 
also treated with cobalt 60 radiation using 
similar techniques (parallel opposed fields, 
field sizes, etc.) except that there was no 
planned obstruction to the blood flow to 
the tumor bearing part. One patient was 
treated with a 22 mev. betatron photon 
beam. 


HISTOLOGIC DIAGNOSIS 


Dr. J. Butler, Department of Pathology, 
has kindly reviewed the histologic slides 
prepared from the original biopsy material 
and amputation or necropsy material of all 
of the tourniquet technique treatment 
series except Case’35 (slides not available). 
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Tourniquet-Induc 


ed Hypoxia 31 


Taere HH 


RESULTS OF RADIATION THERAPY BY 


TOURNIQUET TECHNIQUE 


OSTEOSARCOMA 


Local TRUE No Evident Dis- 


Dose (rad/da. Patients Treated Dead ( € 12/12* 

: ) | t (x 12/12) ease at Present 
12,000/ 36 s 5 a 
14,000/43 g 1 © 
16,000/ 50 6 3 I 


* Distant metastasis but with local control. 


There were several instances in which the 
diagnosis was revised. Case 24 had been 
originally histopathologically diagnosed as 
“osteosarcoma” (a large destructive lesion 
of central portion of distal femur) and has 
been reclassified as “‘unclassified sarcoma, 
probably liposarcoma;" in Reference §, 
Table 1, this patient is included as an 
osteosarcoma. Cases 30 and 32 of Table 1 
of this paper were described as a synovial 
sarcoma and a rhabdomyosarcoma, respec- 
tively in Table 11 of Reference 4 (in that 
Table they were Cases 15 and 18); they 
are now considered to be an unclassified 
sarcoma (probably malignant melanoma) 
and a pleomorphic liposarcoma, respec- 
tively. 

In our opinion there are so many difh- 
culties and uncertainties in establishing 
the type or variety of soft tissue sarcoma 
that there is little merit in attempting to 
sort these tumors into several categories. 
Therefore, we have placed all of the soft 
tissue sarcomas Into a ny group. In this 
serles of 18 tumors the diagnosis was re- 
vised in 7 cases when thev were reviewed bv 
a single pathologist. For example, a fibro- 
sarcoma was revised to synovial sarcoma, 
a synovial sarcoma was revised to un- 
classified sarcoma, an angiosarcoma was 
revised to liposarcoma, a rhabdomyosar- 
coma was revised to unclassified sarcoma 
(suggesting Ewing's sarcoma of soft tis- 
sue), etc. 
security of the diagnosis with respect to a 
specific type of sarcoma. There were no 
instances of revision of diagnosis of sarcoma 
to benign tumor. 


This emphasizes the lack of 





Further, on review of the amputation or 
necropsy specimen, Dr. Butler thought that 
intact tumor cells were present in Cases 
3 and 8. These were scored as negative for 
tumor cells at the original pathology study 
and were listed as such in Reference 4 
(Cases 3 and 8 in Table v). Specifically, for 
Case 3 the pathologist had reported only 
a few isolated tumor cells of “questionable 
viability" and for Case 8 no tumor cells 
were found at all. The other cases had 
clusters or large areas of clearly intact tu- 
mor cells and were unquestionably posi- 
tive for residual cells. Significance of find- 
ing intact cells either singly or in clusters 
in irradiated tissue (in the absence of 
definite regrowth of tumor) is not estab- 
lished.° 


RESULTS 


TISSUE REACTIONS 


Acute reaction. Acute skin reactions 
following these treatments have been of 
modest severity; even after 16,000 rads 
in £o days there was only a patchy moist 
reaction which was healed by 6 weeks 
after completion of therapy (see Reference 
4 for illustrations). 

Late reactions. These will be considered 
in reference to the usefulness of the limb 
as listed in Table 1. The utility of the 
limb at 6 or more months after therapy 
has been rated on a § point scale: o, 

0 RF HR H- HR. For a description of 
the function at each level refer to the 
footnote of Table 1. The complications 
which developed in the 12,000 rad series 
have been described earlier? 


NORMAL 
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Taste IHI 


OSTEOSARCOMA TREATED BY CONVENTIONAL RADIOTHERAPY TECHNIQUE (NORMAL 


eh a t n e ri eh ars eS HAE tri HAMAR UP imr rar PESE aa nti Att tta Lm AN m 


Patients Treated 


* Distant metastasis but with local control, 
+ Recurrence times at 4, 14 and 17 months, 


f Local controls at 4, 10 and 11 months; recurrence at 3 months, 





Dead ( x 12/12*) 


MEME --———-—-—-—--A-A-—-—-A—mAA-mm9mmaS9—9—————m—m5SAA———————VV———————————— Ease freA Were Sane 


eil rta a AA PI Tem erm Aree Ae a at a prr armari PH PE MAN RANA AUTIINA RN taa a itta aem arenae n n th E Ten m PHP naa e Rat pp i emn aT ei a 


BLOOD FLOW CONDITION 8) USING DAILY OR TWICE WEEKLY TREATMENTS 


No Event Dis- 
ease at Present 


Local Control 
(212/12) 


IA AENEA ITI a irre mum mtem a ht i d a aa SAI IERI m o ee e Ariete e a P AR iei sre mer ae taii a at patat fra atria amanare aen rere a en 


$ Alive with local control of tumor but with distant metastasis present, 11 mor ths. 


At the 14,000 rad level, reactions of 18 
patients may be considered. With respect 
to soft tissue damage (skin, muscle, vessels, 
nerves) there have been § complications: 
Case 24, a painful limb requiring amputa- 
tion at 41 months; Case 33, peripher al vas- 
cular failure requiring amputation (poor 
blood supply to leg before therapy); 
Case 40, a superficial necrosis in excisional 
biopsy scar on the ankle; Case 35, a painful 
leg which has responded quite well to nico- 
tinic acid and vitamin By, for the present 
at least; and Case 41, contracture of gas- 
trocnemius muscle after treatment of the 
knee region (upper leg and distal thigh), 
the patient being unable to stand with 
both heels on the floor. Further, 3 patients 
developed fractures through the tumor 
bearing part of the bone (Cases I2, 14, 
and 24); and recurrence developed in 
Cases 12 and 14 after the fracture, which 
was due, in part, to failure to control 
the primary lesion. No fracture has oc- 
curred in any patient who has not had a 
primary tumor of bone. Thus, 11 of 18 
patients whose tumor received 14,000 rads 
in 43 days have not had a complication(s) 
to date-—note that 8 of 12 soft tissue sar- 
coma cases have been counted as having a 
+++ to +++-+ useful limb. The results 
were less satisfactory in the bone sarcoma 
patients; none being scored greater than 
+-+- useful limb. 

Eight patients have received 16,000 
rads in So days and a significant local 
complication has developed in 7 of them: 
(1) necrosis of the soft tissues starting at 
the biopsy scar has developed in 4 and has 


been so severe that amputation was per- 
formed in all 4 cases (Cases 17, 18, 21, and 
26); (2) painful limb vidi fixation 1n 
extension requiring amputation for relief 
of pain, Case 25; (3) paresis of leg, pre- 
sumably due to radiation neuropathy, 
Case 19; and (4) severe flexion contraction, 
which was quite severe before therapy was 
started and did not improve after therapy, 
Cases 18 and 22. Out of this series, only 
Case 20 has a useful limb which is without 
pain or mecrosis. Therefore, with our tech- 
nique of achieving hypoxia and our dose 
schedule, 16,000 rads in ṣo days is not a 
tolerable aoc to the extremity, when large 
fields are employed. 


ane 


CONTROL OF THE PRIMARY TUMOR 


(Freedom from Clinically Evident Re- 
growth of Tumor) 


Primary sarcoma of bone. The results of 
treatment of osteosarcoma are summarized 
in Tables 11 and ut. Local control 2 12/12 
indicates that the patient has survived 
for at least 12 months following start of 
therapy without local recurrence. A patient 
developing recurrence at any time following 
therapy is considered in that column. For 
example, after 14,000 rads 1 patient sur- 
vived 12 months without regrowth of tumor 
and in 3 patients there were recurrences at 
18, 8, and 7 months. Accordingly, for the 
14,000 rad group we have listed 1 local 
control cut of 4 patients; the patient dying 
at 9 months (with local control) is not in- 
cluded. Thus, the local control results of 
radiation therapy of osteosarcoma by 
tourniquet technique have been: 1/3 at 
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TABLE IV 


RESULTS OF RADIATION THERAPY BY TOURNIQUET TECHNIQUE 
SOFT TISSUE SARCOMA 


. Local Control No Evident Dis- 
Dose (rad/da.) Patients Treated Dead ( € 12/12) (712/12) ease at Present 
8,000/23 1 o 1/1 I 
12,000/36 5 o 4/5* 1 
14,000/43 Io} o 9/9t 6 


* One recurrence at 18/12. 


t Two additional patients have been treated at less than 6 months. 


t One patient had amputation because of vascular failure. 


12,000 rads, 1/4 at 14,000 rads, and 3/3 at 
16,000 rads. These results indicate a strong 
dependency of tumor control response on 
radiation dose. Table rmx shows that in 
our series of 9 osteosarcomas treatment by 
conventional radiotherapy technique and 
dose levels (6,000—7,500 rads) was without 
success; a total of 4 recurrences was ob- 
served. The 7,000 rad dose produced about 
the same normal tissue damage as did 
14,000 rads administered with tourniquet 
technique. 

Four patients have been treated for 
primary bone tumors other than osteosar- 
coma in the study series. In this group 
there have been no recurrences (at 11, 25, 
41, and 41 months) and only 1 patient has 
developed metastasis. Unfortunately, all 
4 have had to have an amputation because 
of necrosis or painful limb. Only in Case 25 
was even a good temporary clinical result 
achieved: a near normal limb for 214-16 
months, later the fibrosis became quite 
severe and then so painful that an amputa- 
tion was performed at the 25th month. 
Therefore, of a total of 14 patients with 
primary sarcomas of bone who were treated 


TABLE V 


by a radiation dose of 14,000 rads or 16,000 
rads, only 1 was rated as having 2----4- 
limb function at 6 or more months after 
treatment. 

From these clinical results we have con- 
cluded that radiation therapy administered 
according to the tourniquet technique de- 
scribed here is not a clinically useful treat- 
ment method for osteosarcoma. 

Soft tissue sarcoma. Treatment results 
for the 22 soft tissue sarcomas treated by 
radiotherapy alone to radical dose levels at 
this institution since 1961 are presented in 
Tables rv and v. Note that in the entire 
experience there have been only 2 local 
recurrences. In the tourniquet technique 
treated patients local control (>12/12) 
figures are: 1/1 at 8,000 rads, 4/5 at 12,000 
rads, and 9/9 at 14,000 rads. These are 
satisfactory results especially when com- 
pared with the proportion of patients en- 
joying a +++ or ++--++ limb function 
at >6 months after therapy: 1/1 at 8,000 
rads, 3/3 at 12,000 rads* and 9/12 at 


* The 2 patients who developed necrosis and required ampu- 
tation, because they were in the group which had a short tourni- 
quet time, are not counted in this tabulation; see Reference 4. 


SOFT TISSUE SARCOMA TREATED BY CONVENTIONAL RADIOTHERAPY TECHNIQUE (NORMAL 
BLOOD FLOW CONDITIONS) USING DAILY OR TWICE WEEKLY TREATMENTS 


(These Patients Were Treated Concurrently with the Tourniquet Technique Series) 


Local Control No Evident Dis- 
Dose (rad/wk.) Patients Treated Dead ( € 12/12) (12/12) c2 Du 
2:6 ,000/5 I © o/1 o 
77 ,000/6—7 3 o 3/3" 2 


* Local control at 12, 24, and 29 months. 
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14,000 rads. The contrast between these 
figures and those for the bone sarcoma 
patients 1s sharp. Similarly, the patients 
treated by conventional radiotherapy tech- 
nique to dose levels of at least 7,000 rads 
have been equallv good: no local failures 
and no complications were observed. 


DISCUSSION 


There are several questions posed bv 
these results: (1) what is the basis for the 
markedly different local results of treat- 
ment of osteosarcoma and soft tissue sar- 
coma; (2) did the failure to achieve local 
control of osteosarcomas at dose levels 
producing tolerable normal tissue damage 
by the tourniquet technique mean that the 
basic premise of this study is not valid; and 
(3) does the use of the tourniquet technique 
represent an advance in the treatment of 
the soft tissue sarcomas? 

Basic differences in. cellular radiosensi- 
tivitv may exist between the cells of osteo- 
sarcomas and soft tissue sarcomas, but the 
results presented here cannot be accepted 
as an indication that there is such a dif- 
ference. However, the two groups of tumors 
in the study series were distinctive in an 
important radiobiologic aspect: the osteo- 
sarcomas were invariably massive tumors, 
an average diameter of «8 cm. (range of 
5 cm.) with extensive destruction of 
bone and usually infiltration. of adjacent 
normal tissue; in contrast, the sarcomas of 
soft tissue were quite small: 13 of 18 were 
post-simple excision without palpable 
tumor, 3 were 2—4 cm. diameter recurrences 
following excision. (Cases 30, 33, and 34) 
and only 2 were large lesions, viz. 8-9 cm. 
masses 1n Cases 27 and 32. Pertinent to this 
point, the only recurrence that developed 
in this series appeared at 18 months after 
12,000 rads for a proven recurrent unclas- 
sified sarcoma (Case 30). Surprisingly, our 
best result has been in Case 27 who had 2 
lesions of &g cm. diameter in the popliteal 
fossa which had recurred after wide exci- 
sion and had invaded the upper tibia; 
despite a dose of only 8,000 rads in 23 days 
there is no sign of local or distant disease 
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at more than 66 months tollowing therapy. 
However, the difference in tumor volume 
at the time of treatment is so great be- 
tween the bone and the soft tissue lesions 
that no comparison can be made of the 
"radiocurabilitv" of the 2 tumor types 
using our data. 

The failure to achieve local cure of 
osteosarcoma with doses which produce 
onlv modest damage to normal tissues 
strongly implies that the basic reason for 
employing the tourniquet technique does 
not apply for osteosarcoma. Had the 
"radioresistance" of osteosarcoma, when 
treated by conventional techniques. and 
doses, been due to the presence of a small 
number of viable but hypoxic, and hence 
radioresistant cells, then an increase of dose 
from 6,c0o-7,500 rads delivered in 30-40 
fractions over 6-8 weeks to 14,000 rads in 
14 fractions in 6 weeks should have in- 
creased the local control rate sharply, even 
though it were necessarv to make all of the 
tumor cells hypoxic.?? 

Pertinent to this point is a documenta- 
tion that following conventional radio- 
therapy methods and doses, osteosarcomas 
are permanently controlled locally in, 
though small, a definite proportion of 
cases. Although in the small group of 
osteosarcomas which we treated by conven- 
tional radiotherapy methods there were no 
long term local controls, there are a number 
of examples of treatment successes in the 
literature. The paper of Lee and Mackenzie? 
is of special interest in that it documents 
6 patients who survived § or more years 
following conventional radiotherapy for 
proven osteosarcoma, some of whom re. 
tained good function of the treated limb. 
Most of their 11g patients had amputation 
soon after therapy or died because of 
distant metastasis so that an estimate of 
the frequency of local control for at least 
12 months following doses of 6,000~7,000 
rads can not be made. But, that frequency 
must be substantially in excess of § per cent 
(6 of 119). 

Now consider our experience with 14,000 
rads dehvered in 14 sessions over 43 davs: 


Vor. 102, No. 1 


3 of 4 tumors recurred. At 16,000 rads we 
have not observed local regrowth of tumor 
but unacceptably severe late changes in 
the normal tissues; even so, gross tumor 
was observed in the amputation specimens 
of 2 patients (Cases 18 and 25 at 9 and 25 
months, respectively). Perhaps if more 
vigorous attempts had been made to reduce 
the pO: even further, e.g., by the pro- 
cedures employed by van den Brenk eż a/.,"° 
the reactions of normal tissue would have 
been less severe. This does not seem likely: 
(1) with the technique employed there is a 
protection of normal skin by a factor of 
2.02.2; (2) as normal skin and muscle 
cannot be expected to be completely 
aerobic under normal condition, the effect 
of tourniquet application would not be ex- 
pected to achieve a protection much 
greater than that observed here; and (3) in 
the 16,000 rad group, tourniquet time was 
>45 minutes before each session. 

The severity of damage to normal tis- 
sues in these patients has been greater than 
need occur as a result of radiation dose 
alone. Four patients who required ampu- 
tation for extensive soft tissue necrosis after 
16,000 rads all had had large surgical 
biopsy scars. In 1 of these patients healing 
was slow; treatment was delayed 4 weeks, 
and was started when the healing was com- 
plete except for one small area. Necrosis 
has not been encountered in patients who 
have had small scars; f.e., 3-4 cm., and 
which were completely healed before start of 
therapy. Unfortunately, size of biopsy scar 
has been out of our control as most patients 
have had a diagnosis established when we 
first saw them. 

van den Brenk®" has treated 11 osteo- 
sarcomas by a similar tourniquet technique 
using 4 mev. x rays but employing 3 dose 
fractions of 2,000—2,700 rads administered 
on either days o, 14 and 28 or o, 7, and 21. 
Seven of the 11 died because of distant 
metastasis but with local control at 3, 4, 
8, 9, 11, I2, and 20 months; 3 have had 
local regrowth of tumor (6, 12, and 16 
months) and 1 has had amputation at 24 
months for painful limb. If van den Brenk's 
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data on osteosarcoma were tabulated as we 
have our own data, then the local control 
results at >12/12 would be 3/6 or a value 
slightly better than ours for 12,000 rads 
and 14,0co rads. Importantly, he also ob- 
served local recurrences with appreciable 
frequency following dose levels that pro- 
duced severe complications. In summary, 
a total of 33 osteosarcomas have been 
treated to high radiation doses employing 
a tourniquet technique in van den Brenk's 
and our series; the local results clearly 
demonstrate that the tourniquet technique 
as currently used does not represent a really 
effective and readily tolerated treatment 
method for osteosarcoma, Therefore, to 
the extent that pO, differentials between 
normal and tumor cells were eliminated by 
the tourniquet procedure, the basic premise 
for this study must be considered as not 
applicable to the osteosarcoma. 

Our results in the tourniquet technique 
treatment of soft tissue sarcoma by radia- 
tion therapy have been extremely en- 
couraging. This is so even though there was 
no palpable tumor at the time of therapy 
in 13 of the 18 patients. Previous experience 
at our institution has been that patients 
referred after local excision for sarcomas of 
the types and locations in this series will 
invariably develop local regrowth if left 
untreated. 

The surgical treatment planned for each 
of the 18 soft.tissue sarcomas had been am- 
putation or disarticulation when the pa- 
tient was referred for radiotherapy. That 
is, none of these patients had lesions such 
that a radical resection of the previous 
surgical site was considered feasible. Al- 
though there might have been no tumor 
cells in 2 few of the 12 cases seen post 
excision, achievement of local control to 
date in all of these 12 cases is a strong in- 
centive to further evaluate the place of 
radiotherapy 1 in the management of these 
lesions.* van den Brenk e a/.!° also observed 

* Relevant to this point, mention is made of a group of 5 com- 
parable patients who were treated by a reduced radiation dase 
and chemotherapy: (1) 2,000 radsX 2(tourniquet technique, one 


dose 24 hcurs before perfusion and the second dose immediately 
following perfusion); (2) perfusion with phenylalamine mustard 
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a number of successes in the treatment of a 
similar group of sarcomas bv their radio- 
therapy-tourniquet technique. 

Of interest was the local control of 3 of 3 
sott tissue sarcomas treated with == 7,000 
rads in 7 weeks by conventional tech nique 
(Table v). Thus, our experience in radical 
radiotherapy of these sarcomas has been a 


that soft tissue sarcomas may not be so dif. 
ficult to treat successfully by high dose 
radiotherapy, especially if combined with 
local resection of tumor. Atkinson, Garvan, 
and Newton! described results of treatment 
of fibrosarcoma by surgery alone or by 
45500 rads in 4-5 weeks followed by surgery 
476 weeks later. They had 40 recurrences in 
$4 patients after surgery alone but only 1 
recurrence in 15 patients treated bv radio- 
therapy and surgery (the study was not a 
clinical trial). Windever, Dische and Mans 
field? reviewed results of treatment of 58 
hbrosarcomas with radiotherapy, alone or 
in combination with surgery. In their 
hands 6,000-8,500 rails in s~g weeks were 
often etfective although a number of recur- 
rences were observed. 

Clearly, there is a need to determine for 
the soft tissue sarcomas, if the tourniquet 
technique therapy is appreciably more 
effective than conventional therapy and to 
evaluate further the place of radiotherapy 
in the management of these tumors. 


SUMMARY 


Results of radiotherapy administered 
under conditions of tourniquet produced 
hypoxia to a group of 44 sarcomas of bone 
and soft tissue of the distal extremities are 
presented. 

Twenty-two osteosarcomas were treated 
and the local control results at >12 months 


and actinomycin D; and then i3) infusion with methotrexate 
for a week or more. Local recurrence developed in 3 of the z. These 
results point out (a) that tumor cells were present at least in 
some of the postexcision cases and ib) the importance of a high 
radiation dose in treatment of the soft tissue sarcomas. These 
were patients of Dr. John Stehlin, Department of Surgery, 
NL D. Anderson Hospital and Tumor Institute 
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were: 1/7 at 12,000 rads in 36 days, 1 qut 
14,000 reds in 43 days, and 3/3 at 16,000 
rads in 5o days. Late reactions of normal 
tissues Were so severe after 16,000 rads 
that the treatment method was not con. 
sidered to be a clinically effective method 
for therapy of osteosarcomas. 

Much better results were obtained in a 
group of 18 soft tissue sarcomas. Local 
control results at >12 months were 3/4 
at 12,000 rads and 9/9 at 14,000 rads. 

Norma! tissue reactions in these patients 
at 14,000 rads were considered to be quite 
acceptable. 


Herman Suit 


Section of Experimental Radiotherapy 


The University of Texas 


M. D. Anderson Hospital and Tumor | nstitute 
Houston, Texas 77024 
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IRRADIATION THROUGH A SIEVE* 


By MUNEYASU URANO, M.D.,t HIROMU KANEDA, M.D., P.D., SHOZO SHIMAZARI, 
M.D., and SHIGEJIRO HAYASHI, M.D. 


KYOTO, JAPAN 


HE original conception of x-ray sieve 

therapy was reported early in this 
century by Kóhler.* However, radiother- 
apy sieve technique did not become popu- 
lar until after Liberson’s paper in 1933," 
when it was accepted as a means of pro- 
tecting the skin and normal tissues during 
effective radiation treatments. Despite the 
striking progress in developing high energy 
photon beams, sieve therapy is being 
further studied and used because the ex- 
treme nonuniformity of dose distribution, 
which is a feature in this technique, 1s con- 
sidered a benefit even in high energy 
radiotherapy. Becker e al>? applied this 
method to supervoltage x-ray and betatron 
therapy. Kaneda ef al.’ succeeded in ob- 
taining a better survival rate of the patients 
with bronchogenic carcinoma treated by 
telecobalt sieve therapy than by open field 
telecobalt therapy. 

After Liberson’s paper,!! many studies of 
this method were published. In these early 
reports, much attention was given to the 
problem of how skin could tolerate such 
large radiation doses when administered 
through a sieve instead of an open field. In 
addition, the most effective ratio of the 
open-to-closed area of the sieve was in- 
vestigated. On the other hand, the selec- 
tion of a radiation dose which would be 
effective in sieve therapy is based pri- 
marily on clinical experience. In this re- 
port, results of experiments will be pre- 
sented which were planned to determine 
the relationship between tumor control 
frequency and radiation dose for the radia- 
tion treatment of an animal tumor by open 
field or by sieve technique. 

Theoretic consideration of the tumor 


cure dose has been discussed in terms of a 
simple model tumor.'® The basic idea 1s as 
follows: 

Puck and Marcus? established that the 
lethal response of mammalian cells to 
radiation can be described by the multi- 
target survival curve given by the for- 
mula: 


where & is the surviving fraction of cells 
after the x-ray dose (D); D, is the dose 
which or the average vields a hit in a tar- 
get and corresponds to the Ds; or the dose 
which reduces $ by a factor of 0.37 in the 
straight line portion of the survival curve; 
the number of targets or sensitive sites 
which must be inactivated to kill the cell 
is represented in the formula by the letter 
m and it corresponds to the “extrapolation 
number’; it may be estimated graphically 
by extrapolation of the straight line portion 
of the curve back to the ordinate intercept. 
When D is much larger than D, this for- 
mula can be simplified as follows: 


S ox me Yo, 


* 


Providing that each of the M cells in a 
"solid" tumor responds to radiation in- 
dependently and according to this formula, 
the probability that a tumor will be cured 
Is expressed as: 

—DipDa x 


P = esM. 


PET gn M e 


When P iso.c, Dis the dose which will kill 
all the cells in half of the tumors or, ac- 
cording to our model, it is the dose which 
will cure half of the irradiated tumors, 
i.e., the TC Ds, (so per cent local tumor con- 


* From the Department of Radiology, Kyoto Prefectural University of Medicme, Kamikyoku, Kyoto, Japan. 
+ Present address: Section of Experimental Radiotherapy, The University of Texas, M. D. Anderson Hospital and Tumor Institute, 


Texas Medical Center, Houston, Texas. 
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TABLE I 


LOCAL CONTROL OF 800 MM.! SOLID MOUSE EHRLICH ASCITES CARCINOMA 
FOLLOWING LOCAL X-IRRADIATION BY SINGLE DOSES i 











TCDst | 
S.D. | 
(A) Tumors Irradiated by Conventional Method | 
Tumor Dose (rads) 3,020 3,311 3,631 3,981 4,365 4,789 5,248 ! 
Number of Animals 6 18 24. 30 25 20 I2 
Tumor Control in 40 Days 0/6 5/18 8/22 20/29 12/19 17/19 10/11 | 
o% 27.8% 40.9% 69.0% 63.2% 89.5% 90.9% 3,760121 
Tumor Control in 7o Days o/6 4/18 8/22 17/27 10/1; 17/19  to/i1 | 
o% 22.2% 36.4% 63.0% 58.8% 89.570 90.9% 3,871t111 | 
(B) Tumors Irradiated by Steve Method ! 
Tumor Dose (rads) 3,736 4,365 4,842 5,370 5,957 6,607 
Number of Animals 6 16 28 20 20 12 
Tumor Control in 40 Days 1/6 6/1g 17/28 15/20 13/16 I0/1I 
16.7% 40.0% 60.7% 75.0% 81.3% 90.97% 4,621 +209 ` 
Tumor Control in 7o Days 1/6 6/15 14/27 14/20 13/16 7/8 | 
16.7% 40.0% 51.9% 70.0% 81.3% 87.5% 4,7511: 185 | 


trol dose).1® The TCDso may be estimated 
by the use of the equation: 


TCDso = Dolin m.M — 1n | — 1n o.£]). 


MATERIALS AND METHODS 


Male mice of the ddY strain supplied by 
the Kansai Animal Laboratory, Kyoto, 
were used in this experiment. The room 
temperature was maintained at 25?C. dur- 
ing the expenment. The animals were 
housed in groups of 6 to 1o in stainless 
steel wire cages; wood shavings were used 
for bedding material. They were provided 
with standard purina pellets and water 
ad libitum. The experimental tumor was an 
Ehrlich ascites carcinoma provided by the 
National Institute of Radiology, Chiba. A 
subline of this strain has been propagated 
in the Department of Radiology, Kyoto 
Prefectural University of Medicine, since 
December, 1965. 

An inoculum containing 10 cells in 
50 ul. (total cell count) was injected into 
the subcutaneous tissue of the right thigh 
of 250 male mice. Beginning at 4 days after 
transplantation, the three diameters of the 
tumors were measured every day by cali- 
per. Local irradiation of the tumor was 


performed on the day that the tumor diam- | 
eters reached ~gX9X20 mm. At thel 
time of irradiation, the mice were respiring | 
air at one atmosphere of pressure with no. 
known interference to the blood supply to! 
the thigh. The doses of radiation admin- | 
istered are shown in Table 1. Animals were, 
assigned to one of the dose levels by use of: 
a random number scheme. At the time of | 
irradiation, 6 animals were sacrificed; 
water displacement study of these tumors 
showed that the average volume was 800 | 
(750-850) cubic millimeters. | 
An x-ray machine of the Toshiba KXC- 
18 type was operated at 180 kvp., 25 ma., | 
with a o.1 mm. Cu and o.5 mm. AI filter. | 
The half-value layer was 0.28 mm. Cu and | 
the focus-skin distance was 18.5 cm. The 
dose rate was measured with a Shimazu! 
Dose Reader at the position of the surface 
of the tumors and indicated a dose rate at 
the surface of 842 rads per minute. To per- i 
mit immobilization of the mice at the time | 
of irradiation, animals were anesthetized | 
by intraperitoneal injection of nembutal 
(0.06 mg. per 1 gram of body weight). The! 
tumor bearing thighs of 2 animals were, 
irradiated through a 2X3 cm. square field. ' 
In order to have full scattering condition, | 
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50 % LOCAL TUMOR CONTROL DOSE 
to 


20 30 40 50 60 70 
DAYS AFTER TUMOR- IRRADIATION 
Fic. 1. Fifty per cent local tumor control doses 
(TCD:o) of 800 mm. solid Ehrlich ascites car- 
cinoma growing in right thighs of ddY male mice 
is demonstrated by a conventional method (curve 
A) and by the sieve method (curve B). 


the mouse legs were positioned on a large 
parathn plate 10 cm. thick. A sieve was 
prepared from a sheet of lead 1.5 mm. 
thick with open circles of 2 mm. in diam- 
eter. The open area ratio was so:so. The 
doses of radiation administered through a 
sieve (so-called average dose) were calcu- 
lated as 5o per cent of the doses bv open 
fields according to Schróck.Vieter's re- 
sults," 
RESULTS 


After tumor irradiation, the mice were 
examined every $ days. Within 2 weeks, 
many tumors had disappeared and recur- 
rences were observed during the third and 
subsequent weeks. If an animal had a re- 
current tumor, if was scored as noncon- 
trolled, and if a mouse died without pal- 
pable tumor before termination of the 
assay, the animal was excluded from the 
analysis of tumor cure. From the tumor 
control frequency obtained at each dose 
level, So per cent tumor control dose 
(TCD;;) was calculated each 10 davs using 
"logit" analvsis.? The results are shown in 
Figure 1. The TCD;,'s evaluated at 40 and 
70 days after tumor irradiation are pre- 
sented in detail in Table 1. Dose response 
curves at 70 days are shown in Figure 2. 

Of 244 animals whose tumors had been 
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irradiated, gi animals had recurrences 
within tie first so days after irradiation. 
However, almost all recurrences were ob- 
served by 40 days, and after so da ys no 
recurrence was observed. All surviving 
animals were sacrificed at 70 days. 

The TCD,, values clearly demonstrated 
that if a tumor was irradiated through a 
sieve, a higher radiation dose was required 
to cure the tumor. The TCD,, at 7o davs 
bv open field technique and by the sieve 
method were 3,971: 111 rads and 4,751 
+185 rads, respectively. That is, the ratio 
of TCD, at 70 days by sieve ipud 
conventional method was 1.23 (1.1 5—1.31). 
The ratio of TCD;, was constant over the 
time 20—70 davs after irradiation. 

On the other hand, the reactions of nor- 
mal tissues surrounding the tumor were 
quite different. Epilation was complete in 
the irraciated area in the animals treated 
by the conventional method, but in the 
animals treated bv the "sieve technique" 
epilation was limited to areas of the skin 
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Percentage of local control in 7o days after 
tumor irradiation in air. (Curve A) Tumors ir- 
radiated by conventional method. (Curve B) 
Tumors irradiated by sieve method. 
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exposed through the open holes of the 
sieve. Ín comparing skin retraction in ani- 
mals treated by open field and sieve tech- 
niques, no gross retraction was observed in 
the latter group, while in the former group 
retraction (shortening of irradiated thigh, 
compared with the nonirradiated one) was 
observed 1n 1 of 4 mice that received 3,311 
rads and in 8 of 8 that received 3,631 rads. 
This contrasts with irradiation by the 
sieve method; thighs irradiated to even 
6,607 rads did not develop anv retraction. 
The relative biologic effectiveness of the 
sieve can be assessed by deriving an esti- 
mate of the ratio of minimum radiation 
dose inducing skin retraction bv sieve 
method to that for conventional open field 
irradiation in. these experiments the ratio 
was 21.8. This ratio is higher than the 
ratio of TCD;, values for the two tech- 
niques, 7.e., 1.23. 


DISCUSSION 


In this experiment, the values of the m 
and D, of Ehrlich ascites carcinoma cells 
were not analyzed. Hornsey and Silini? 
demonstrated that the m and D, of the 
Ehrlich ascites carcinoma cells were t5 and 
LI4 rads for aerobic conditions and 10 and 
350 rads for hypoxic conditions of irradia- 


tion. Providing that D, for the cells of 


our tumors which were hypoxic were 1o 
and 350 rads respectively and tumors con- 
tained «X10? cells per mm, and that 
^ 1o per cent of the tumor cell population 
was "e then surviving fraction after 
3,871 rads (TCDi;, for open field irradia- 
tion) should be 9X 10-5, and accordingly 
7 4X10* cells are presumed to have been 
necessary for tumor recurrence, 

Radiation dose distribution throughout 
the tumor is markedlv uneven for the sieve 
irradiation technique. In this experiment, 
the average tumor dose was calculated ac- 
cording to Schróck.Vieter's equation," 
providing that the scattered dose in this 
small field is less than 10 per cent." The 
TCD;, has been given in terms of the 
average dose of 4,751 rads; this would cor- 
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respond to 9,070 rads (105 per cent of dose 
in exposed area 1n air) 1n exposed area and 
only 432 rads (5$ per cent) in covered areas 
at the surface. 

If the tumor m and D, are the same for 
both treatment techniques, the TCD,, 
dose of 9,0570 rads would vield a .$ of 
$.£X10-'* for the directly exposed cells. 
However, the dose of 432 rads received in 
shielded area would viell a surviving frac- 
tion of «o.2. Even if the minimum dose in 
the shielded area was Io per cent, the sur- 
vival fraction of tumor cells in that area 
would be «0.06. Kaneda ef al." studied the 
histologic changes of hair follicles of rabbit 
ear in exposed and in covered area, and 
demonstrated a relationship between the 
size of the open area and the minimum dis- 
tances of two open holes at which any path- 
ologic changes were not observed. Accord- 
ing to their studies, radiation damage was 
observed in hair follicles in the covered 
area; however, 1f a sieve had open holes of 
? mm. in diameter and the open covered 


was not affected p Fadiatiom Eichhorn 
and Matschke* determined the dose dis- 
tribution in “sieve” irradiated material bv 
careful measurement in open and covered 
areas; their findings were consistent with 
the observed radiation effects reported bv 
Kaneda e£ al? Jolles e£ al.’ succeeded in the 
demonstration of a “diffusible factor” 
which was delivered from irradiated to 
nonirradiated skin and could induce mitot- 
ic abnormalities. 

This evidence suggests that the combin- 
ation of radiation dose scattered to the 
covered area and the “diffusible factor" 
and other factors, apparently reduce the 
survival fraction of tumor cells in the 
"shielded volume" to very much less than 
the value of 0.2-0.06. Apparently, these 
and other indirect etfects including immu- 
nologic reaction are quantitatively more im- 
portant than during open field irradiation. 

The sieve method has been described as 
a radiation therapy technique which affords 


greater protection of normal tissues from 
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'adiation injuries, for a given likelihood of 
tumor cure, than obtained bv standard 
open field irradiation. In the experimental 
tumor system described here, the TCD;, 
was greater for the sieve technique, but at 
the TCD;, level of effectiveness the normal 
tissue damage was significantly less than 
for open field technique. 


SUMMARY 


The relationship between the tumor con- 
trol frequency and the radiation dose for 
radiation treatment of a solid Ehrlich 
ascites carcinoma by open field technique 
and sieve technique 1s presented. 

The TCD;, (dose to control half of the 
tumor) was found to be higher for the sieve 
than for the open field method. The TCDso 
(70 days) was 4,751 rads by the sieve tech- 
nique and 3,871 rads by the open field 
technique. The ratio of TCD;, sieve/open 
feld was 1.23. 

The reaction of normal tissue surround- 
ing the tumor to a dose producing a given 
tumor control frequency was markedly less 
if that dose were administered through a 
sieve than 1f through an open field. The 
radiation dose which induced skin re- 
traction was >1.8 times higher by the 
sieve techniques than by the open field 
techniques. 


Muneyasu Urano, M.D. 

Section of Experimental Radiotherapy 

The University of Texas 

M. D. Anderson Hospital and Tumor Institute 
Houston, Texas 77025 


We wish to thank Herman D. Suit, 
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therapy, The University of Texas M. D. 
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OXYGEN AND L-TRIIODOTHYRONINE IN RADIO- 
THERAPY OF MOUSE TUMORS* 


By LUCILLE A. DU SAULTT 


DETROIT, MICHIGAN 


HE importance of oxygen in the cell 

at the time of irradiation in determin- 

ing radiosensitivity jis well known? 
Methods of delivering oxygen to anoxic 
cells in a tumor in order to improve cure 
rates of radiotherapy include the breathing 
of pure oxygen at several atmospheres 
pressure! or of breathing 95% Oo+5% CO, 
at atmospheric pressure.’ A trial of the gas 
mixture at higher pressure failed to give 
further improvement, while pure oxygen 
at atmospheric pressure was no better than 
air? and changing the amount of carbon 
dioxide in the gas lowered the cure rate.' 
Another method which has been tried is 
medication with T3. This produces an in- 
crease in rate of blood flow and in oxygen 
consumption which results in increased 
intracellular oxygen tension. There are 
reports on postirradiation medication with 
T3 in which skin damage healed more 
quickly but kidney damage was increased. 
There are also several reports on LD;, 
in animals irradiated after having been 
made hyperthyroid by T3 medication, in 
all of which the LD;, was reduced. But 
only 2 reports could be found on a trial of 
T3 in connection with radiotherapy of 
tumors. In one of these Spencer, Crummy 
and Vermund’ were unable to demonstrate 
any increase in life span or decrease in 
tumor size with T3 plus roentgen therapy 
over roentgen therapy alone. In the 
second report Griem and Stein? conclude 
that some tumors in animals, but not all, 
respond better when T3 is added to 
roentgen therapy and that a trial in 4 
patients also showed better results. How- 
ever, no figures are given from which 
statistical significance could be assessed. 
In view of these inconclusive data it 
seemed worthwhile to repeat the experi- 


ment on T3 medication in connection with 
radiotherapy, to compare its effectiveness 
with that of breathing 95% Os4- 595 CO», 
and to determine whether a combination of 
the two would increase tumor control still 
further. 

C3H/He] mice with spontaneous tumors 
between 8 and 15 mm. in diameter, inclu- 
sive, were used. The mice were assigned at 
random to one of four groups, the first be- 
ing irradiated in air, the second in 95% 
O;-- 205 CO, at atmospheric pressure, the 
third in air while receiving T3 medication, 
and the fourth in the gas mixture with T3. 
All were given 1,000 r twice a week to 
6,000 r in 18 days. Methods of handling, 
technique of administering the radiation 
treatments, and of follow-up and the cri- 
terion of success have been described 
earlier and will not be repeated here.” 

T3 can be administered in drinking 
water but it was thought that dosage con- 
trol would be uncertain with this method 
and therefore daily subcutaneous injec- 
tions were given, beginning 4 to 7 days 
before radiotherapy and continuing until 
the last day of the series. The dose was 16 
ug. in a volume of o.1 ul. per day. Spencer 
et al had tested doses from 0.25 to 2 
mg./kg. and decided on 1 mg./kg., in 
agreement with the dose of Griem and 
Stein. However, a preliminary trial of 25 
ug. in $4 mice resulted in such severe sys- 
temic effects that less than one-third of the 
mice (31.6 per cent) lived to the first 
follow-up examination after completing 
treatment. On similar dosage Griem and 
Stein? had found that only 104 of 400 mice 
(26.0 per cent) lived to follow-up. This dose 
was therefore abandoned and 16 ug. sub- 
stituted. 

Results of treatment in all mice begin- 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
+ Radiation Physics, Department of Radiology, Henry Ford Hospital, Detroit, Michigan. 
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hic. 1. Per cent of all mice beginning treatment in which the tumor could not be detected by palpation 
at the end of life. 


ning the series are shown in Figure 1, 
Breathing oxygen during irradiation. or 
either air or O2/COs after T3 medication 
are all superior in producing cures to 
breathing air without T3 medication. The 
lower cure rate obtained with the combina. 
tion of T3 and O4/CO; over that obtained 
with either alone was, however, unex. 
pected. This treatment technique was 
therefore repeated, but with the same 
result. It was then thought that the ex- 
planation might lie in the fact that under 
this regime many of the mice died before 
completing the treatment series; these are 
all classed as failures and this might explain 
the poor cure rate. Accordingly, cure rates 
based on only those mice which completed 
treatment are shown in Figure 2. The 
T3-O2/CO: combination now shows a slight 


superiority over either alone. While there is 
no statistically significant difference among 
the last three techniques, all show signifi- 
cant superiority over air, 

As usual, normal tissue reactions must 
be examined. before accepting a technique 
which results in more cures since it is the 
therapeutic ratio which determines the 
value of a method of therapy. Each of 
the first three techniques resulted in about 
the same fraction of mice dying during the 
treatmen- series, while the combined treat- 
ment doubled this number (from 24 to 
5o per cent). This rules out T3 plus O;/CO,, 
leaving either one alone about equally 
effective in improving cure rates over 
treatment in air, without increasing svs- 
temic effects. 


Another result of T3 medication is 





lic. 2. Cure rates of mice completing the treatment series. 
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increased mitotic activitv. Both the earlier 


reports indicate more rapid growth of 


untreated tumors under T3 medication. 
This would mean undesirable stimulation 
of metastases in patients. It was not 
possible to demonstrate this in the present 
experiment. Tumor sizes were the same 
at the time of beginning treatment whether 
the mice had been receiving T3 or not, 
but this was by design. A second, un- 
treated tumor, presumably present but 
too small to detect at the beginning of the 
treatment series, should, 1f stimulated to 
more rapid growth by T3, appear more 
often by the end of the series in mice 
receiving this medication. Ít was noted 
that 15.5 per cent of the mice receiving T3 
developed new tumors by the end of treat- 
ment and 13.7 per cent of those not re- 
ceiving it developed them-—essentially no 
difference. Perhaps these tests are not 
sensitive enough to demonstrate the in- 
fluence of T3 on the rate of tumor growth 
or perhaps this dosage of T3, which is lower 
than that used bv the earlier investigators, 
is too low to have this effect. Yet the dose is 
high enough to improve control of tumors 
bv radiotherapv. 

Both reports also indicated increased 
skin reactions with T3 plus radiotherapy. 
This observation, too, could not be con- 
firmed in the mice since all developed such 
marked moist desquamation that differ- 
ences in the reactions could not be de- 
tected. 

Griem and Stein? point out that oxvgen 
consumption is not increased to the same 
degree in all tissues by T3 medication, 
being greatest in liver, kidney, and mus- 
cle (and, apparentlv, from this experi- 
ment, in tumor) but little in brain, spleen, 
and testes. One would obtain greater 
increase 1n therapeutic ratio where the 
tumor lies in normal tissue not affected by 
T3 medication. They suggested that this 
method might be suitable for brain tumors 
and, in a trial of 2 patients, found this to be 
correct. On the other hand, it might give 
no improvement in therapeutic ratio in 
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treating tumors lying in those normal 
tissues well-oxygenated by T3 medication, 


SUMMARY 


Mice receiving radiotherapy of breast 
tumors, after having been made hyper- 
thvroid bv T3 medication or while breath- 
ing 95% Ô, +5% COs, showed an increased 
cure rate over mice treated while breathing 
air, but without increased systemic effects. 

When both T3 and O./COs: were used, 
the death rate during treatment was 
doubled and the cure rate no further im- 
proved. 

In some situations T3 medication mav 
be superior to oxvgen at high pressure as a 
means of improving oxygenation of tumor 
cells during radiotherapy, while in other 
situations it mav be inferior. 


Henry Ford Hospital 
Detroit, Michigan 48202 


The cytomel used in this experiment was 
supphed through the courtesy of Smith 
Kline & French Laboratories. 
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RADIATION SENSITIVITY OF SPLEEN CELLS 


IRRADIATED V 


VITRO AND IN VIFO* 


By YOSH MARUYAMA? and JOHN G. EICHTEN? 


with the Technical Assistance of J. MANTHE 


MINNEAPOLIS, MINNESOTA 


present study reports experiments de- 
scribing some limitations as studied with 
spleen cells and measured by spleen colony- 
forming ability. 

Till and McCulloch!’ described a class of 
cells representing a small proportion of the 
nucleated cells of isologous hematopoietic 
tissues which possess the capacitv of form. 
ing spleen nodules (colony-forming units 
or CFU) upon transplantation into heavily 
irradiated mice, or into mice afflicted with 
the WW" trait.’ 

Siminovitch e£ a7." studied several prop- 
erties of CFU of different tissue origin. The 
CFU of bone marrow, spleen or fetal liver 
and spleen were shown to exhibit different 
responses, which led them to postulate 
that the CFU are not necessarily a homo- 
geneous class of cells. Koukalová and 
Karpfel® have also found differences in 
proliferative ability and radiosensitivity 
with donor age. Hanks! has shown the 
migration of bone marrow CFU to the 
spleen indicating at least a one-way traffic 
between two different sites, and also sug- 
gesting a continuous migration of cells 
between the different hematopoietic tis- 
sues. Siminovitch e£ a7. found differences 
in radiation response for colony-forming 
cells from different sources. 

McCulloch and Till’ studied the radia- 
tion sensitivity of CFU of bone marrow 


war 


of Minnesota. 
+ Associate Professor of Radiology. 
t Summer Medical Student Research Trainee. 
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origin in vitro and in vivo. CFU radio. 
sensitivity was found to be different under 
these two conditions. We have studied the 
radiosensitivity of spleen cells obtained 
from adult mice as measured bv colony- 
forming ability. The results show that CFU 
radiation responses iv vivo and in vitro are 
not identical. However, for the colony- 
forming cells of spleen origin, the responses 
differ from those reported for bone marrow 
CFU to Co y rays, 


MATERIALS AND METHODS 
MICE 


Male and female mice of inbred C3H(Z) 
strains were used in these experiments. 
They were between 2 and 4 months of age 
at the time of experimentation. All donors 
and recipsents were from the same inbred 
colonv. 


PREPARATION OF CELL SUSPENSIONS 


Spleen cells were prepared from the 
spleens of several matched donor animals. 
Donors were heparinized with 100 U.S. p. 
units of heparin given intraperitoneally, 
and approximately 10-12 minutes later 
were sacrificed. using cervical dislocation. 
The spleens were then excised, trimmed free 
of adventitia, minced into small pieces, 
washed several times with ice-cold Hanks’ 
solution, and then either passed through a 
40-mesh stainless steel wire cloth, or gently 
dispersed using a chilled tissue grinder. 
Single cell suspensions were obtained by 
passing the crude suspensions through 
small gauge needles. Nucleated cell density 
was determined by direct count in a he. 
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mocytometer using phase contrast micros- 
copy following lysis of red blood cells with 
I per cent acetic acid. Cells for injection 
were prepared by dilution using Hanks' 
solution supplemented with 5 per cent fetal 
bovine serum. 


WHOLE BODY IRRADIATION OF RECIPIENTS 


Recipients of cells were initially x- 
irradiated using an x-ray unit operated at 
220 kv., and at 15 ma. with added filtra- 
tion yielding a beam of half value layer of 
o.9 mm. copper. The dose rate was 66 
rad/min. at 60 cm. focus skin distance. 
Whole body doses of 610-950 rad were 
delivered before transplantation of cells. 


CELL IRRADIATION 771 vitro 


In vitro cell irradiation was done in 
plastic Petri dishes using the above unit, 
with full back-scatter. Dose rates were 
measured* using a National Bureau of 
Standards calibrated Victoreen r-meter, 
and the absorbed dose was measured 
directly using lithium fluoride (LiF)! In 
each experiment common stocks of cells 
were prepared, from which separate ali- 
quots were drawn for each radiation dose. 
An identically treated unirradiated sample 
was used for the control. Cell suspensions 
were irradiated at ice temperature after 
equilibration with air or 100 per cent oxy- 
gen gas. The dose rate was 68 rad/min. 


CELL IRRADIATION in vigo 


Irradiations were done using a lucite, 
pie-shaped irradiation unit which per- 
mitted irradiation of ro animals simul- 
taneously, each animal in an individual 
slot. They were symmetrically placed about 
the center of the field, and the unit rotated 
continuously during irradiation. It was 
provided with full back-scatter. Dose rate 
measured at the mid-level of the mouse 
was 65 rad/min. There was a :t2.5 per 
cent variation from mid-plane dose to the 
top or the bottom of the animal as mea- 


*I thank V. C. Moore and M. T. I. Hilger, Radiological 
Physicists, University of Minnesota and A. Feldman, Radiologi- 
cal Physicist, Mayo Clinic, for assistance in these measurements. 
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TABLE Í 


RESIDUAL ENDOGENOUS COLONY-FORMING UNITS 
(cFU) WITH DIVIDED RADIATION DOSES 











in vivo” 

Dit Det Endogenous CFU | 
(rad) (rad) (mean no. +S.E.) | 
610 460 0.25 £0.13 | 
610 460 0.18+0.08 
610 322 0.00 
665 302 o.60+0,.22 
665 437 O.IIdX0.IO | 
665 397 0.22 £0.14 | 
70$ 277 I.71:Lo.70 
800 139 0.25 £0.13 

Average 0.42 | 


Di, Da First and second whole body doses of ERRIAN 
* Spaced about 1 day apart. 
1 Average dose in rad. 


sured in a paraffin phantom mouse with 
LiF. | 
ASSAY FOR SPLEEN COLONY-FORMING CELLS | 

For Celts Irradiated in vitro: Irradiated 
and unirradiated cells were injected intra. 
venously into the tail vein of prewarmed 
recipients which had received 900-950 
rad shortlv before. Surviving animals were 
sacrificed 8—10 days after cell injection, 
their spleens excised, placed in Bouin’s 
fixative ard spleen nodules visible by eye 
counted after fixation. | 

For Cells Irradiated in vivo: Animals 
were irraCiated with various large x-ray, 
doses one day before receiving the cells] 
On the following day, the spleen cells were 
prepared, and graded numbers injected 
intravenously. Two hours after cell | injec! 
tion, the animals received a second may 
dose whica irradiated the recently trans- 
planted spleen cells and destroyed E 
remaining endogenous CFU (Table r)! 
The combined total whole body x-radia! 
tion dose was sufficient to produce endog- 
enous CFU to less than o. 5 and was about 
9oo-1,000 rad for all recipients.’ All sur. 
vivors were sacrificed 8-10 days later; 
their spleens excised, fixed in Bouin's and 
the nodules counted. 


t 
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Spleen Cells in Vitro (The latter value was not statistically 
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lic. t. X-ray survival curve for spleen cells irradi- 


ated in vitro and assayed for spleen colony-form- 
ing ability zs vivo. Vertical bar represents the 
standard error of the data point. Different sym- 
bols denote separate experiments. 


RESULTS 
RADIATION SENSITIVITY OF SPLEEN COLONY- 
FORMING CELLS 1H VrO 

Cell radiosensitivitv was determined bv 
the ability of the colony-forming cells of the 
nucleated cell population to form a visible 
spleen colony. When cells were irradiated 
prior to transplantation, there was a loss 
in their ability to give rise to visible spleen 
colonies. A dose- response survival curve 
(Fig. 1) is shown for the loss of colony- 
forming units as a function of x-ray dose 
for the irradiated cells. The survival curve 
for spleen cell CFU exhibits a near ex- 
ponential curve with a Dy of gi 10* rad 
and an extrapolation number of Oo.g.f 

* os. confidence limits, 

T The loss of colony-forming ability declined with dose accord- 
ing to the relationship: 32 1— (1- e DDoyi; where See surviving 
fraction, #= extrapolation saber, or zero dose intercept with 


ordinate axis, Dy== dose to reduce survivors too.57 on the expo- 
nential curve, and D= radiation dose. 


significantly different from 1.0.) 


RADIATION OF 
LIVING 


SPLEEN CELLS IN 
ANIMALS 

Six animals were irradiated at the same 
time with 200 rad. Thev were sacrificed 
immediately afterwards, their spleens ex- 
cised and placed on ice. Three spleens were 
pooled to make a cell suspension and the 


others individually converted into cell 
suspensicns. Inocula containing 5X 10? 


cells (determined bv replicate counts before 
and after preparation) prepared from the 
several spleens, were injected into 15 
heavily irradiated recipients. Eight days 
later survivors were sacrificed, their spleens 
excised and nodules counted after fixation 


in Bouin's fixative. The results (Table 11) 
show variation between the results ob- 


tained from the different donors, and from 
the pooled spleens. The results suggest that 
the CFU density of spleens varies con- 
siderably, or that there is variation in 
sensitivity of the CFU residing in the 
spleen. It is known that CFU density varies 
between experiments using pooled spleen 
cells (Table un). Irradiation of small 
groups of donors also led to results with a 
great deal of variation. Hence, it was 
decided to use the method described by 
McCulloch and Till? starting with a com- 
mon poo! of cells, and irradiating the trans- 
planted cells 77 vivo. 


Tage H 


SPLEEN CELL IRRADIATION (200 rad) 75 etvo: 
SAMPLING VARIATION FOR DONORS 
IRRADIATED SIMULTANEOUSLY 


Spleen C CFU 
(mean no. S.E.) 


Group Source Cell Dose 


UMEN bled spleens 5X 1o Jub qu 
frem 3 donors 

2. Single donor EKTO "uoc Rud 

3. Single donor § xX 108 135.0 8 

4 ee donor [o ten OTC 
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(s 
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RADIATION SENSITIVITY OF SPLEEN COLONY- 
FORMING CELLS i” Di00 


The dose response survival curve for 
cells irradiated in vivo 2 hours after trans- 
plantation and assayed by spleen colony- 
forming ability is shown in Figure 2. The 
lower curve, shown as a dashed line, 
represents the survival curve for cells 
irradiated in vitro (Fig. 1). The upper curve 
shows the results obtained in several 
experiments where the spleen cells were 
irradiated im vivo following transplantation. 
All irradiations were done 2 hours after cell 
transplantation. A least squares analysis 
of the data points for the exponential 
portion of the curve yielded an average Do 
of 109 3: 13 rad and an extrapolation num- 
ber of 1.2 for the pooled data. Statistical 
analysis of the slope differences for cells in 
offro or in vivo indicated that they were sig- 
nificantly different (P —0.024). The differ- 
ence of the extrapolation numbers was not 
significant at the 5 per cent level (0.5 >P 
20.1) although the average results ob- 
tained im vivo were higher than those ob- 
tained under iz vitro irradiation conditions. 

The average results may be described by 
the above parameters. However, it was 
noted that although the results of a single 
experiment were usually internally con- 
sistent (results obtained in a single experi- 


Tase III 


CFU DENSITY (CFU/IO? NUCLEATED CELLS) 
OF DIFFERENT POOLED SPLEEN 
CELL SUSPENSIONS* 


Exp. No. CFU/1o* Cells t S.E.t 
1.gto.1 
3.27034 
2.5204 
I.gt0.2 
2,0 TO4 
0.80.1 
0.6+0.1 
2,1+0.6 
1.60.4 
1.60.4 


OO N Ova P CO dE onm 


Lond 


* Representative resulta from 10 separate experiments. 
T Not corrected for endogenous CFU which were leas than o.;. 
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Radiation Sensitivity of Spleen Cells 
to 220 Kvp X-rays 


N= L2 
Do» i09 13 


Forming Units 


In vitro 


tsE 


Percent Survival Colony 





0 lOO 200 300 400 500 600 


Dose X-rays (rad) 


Fic. 2. X-ray survival curve for spleen cells injected 
intravenously irradiated im vivo 2 hours after cell 
transplantation and assayed by spleen colony- 
forming ability. Vertical bar represents the stan- 
dard error. Different symbols denote separate ex- 
periments. Dashed line shows the results for spleen 
cells irradiated in vitro. 


ment denoted by one set of symbols), there 
was variation between experiments (Fig. 2). 


EFFECT OF OXYGEN BREATHING ON CELL 
RADIOSENSITIVITY 45 vivo 


As the most rapid changes in radiosensi- 
tivity are brought about by hypoxia, and 
in view of the recent intravenous injec- 
tions of cells which may have produced lung 
emboli and hypoxia, the following experi- 
ment was performed. Two sets of partially 
irradiated (760 rad) animals were injected 
with 3X10*5 spleen cells prepared in the 
usual manner. At 2 hours, they received a 
radiation dose in vivo of 185 rad, one group 
while breathing air, and the other while 
breathing 100 per cent oxygen gas. Gas 
was flushed into a plastic bag which loosely 
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Taste IV 


EFFECT OF OXYGEN GAS (100%) BREATHING ON CFU 


RADLOSENSITIVITY 77 e770 (184 rad) rwo 
HOURS AFTER CELL INJECTION 
: Gas shy ipa CE uU 
Group m ç Cell* Dose ' 
s Treatment (mean no. t: S.E..) 
| Air nx Lob 10.4 44 
2 QO: 100%, 3X 108 ie Oto 
* HEN esl suspension. 
surrounded the irradiation holder, at a 
flow rate of 6 liters/minute. The results of 


the experiment (Table 1v) s 
anv, ettect which could be ascribed to oxy- 
gen deprivation. 


DISCUSSION 


Cellular radiobiology and its relevance to 
tumor radioresponse 77 vivo has evolved 
from the tissue culture x-ray survival 
curves reported by Puck and Marcus" for 
cells 75 viro. Hewitt and Wilson? with an 
in vivo bioassay of viable mouse leukemia 
cells have shown that tumor cell response 
in vivo was similar to cultured cells, and 
lil and MeCulloch'* have reported that 
normal mouse bone marrow cells also 
respond similarly. These studies have 
tended to equate cell radioresponse 77 
vivo to cell response 17 viro. 

McCulloch and Til’ and Williams and 
Til? have, however, 
agreement fot cells of similar origin when 
irradiated 72 vifro or in the intact animal. 
For malignant tumor cells, even in isolo- 
gous systems, host-resistance mav con- 
tribute to tumor radiation response.’ In 
addition, dilution assays possess inherent 
limitations of accuracy,” and clonal assays 
suffer from their selective nature favoring 
the more rapidly growing cells, before the 


u 


more slowlv growing cells can grow to 
visible size.” All of these factors may 


contribute to the agreement or 
agreement in radiosensitivity 
irradiated jx vivo and im vitro. 

We have found that spleen cell radio- 


for cells 


show little, if 


reported a lack of 


lack of 
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response determined by spleen colony- 
forming ability does not show agreement 
when irradiated ix vitro or im vivo. How- 
ever, the results reported here show an 
etfect o»posite from that reported for bone 
marrow cells to Coy rays.’ With bone 
marrow it was found that cells zz; vitro 
were less radiosensitive compared to cells 
iM vivo. Spleen cells in these experiments 
were less radiosensitive jz vivo. Other 
Investigators," working with transplant- 
able mouse Takena or sarcoma cells, 
have shown the cell radiosensitivitv to be 
the same. However, a dilution assay was 
used compared to the clonal assay used 
in this report. Siminovitch e a7. regarded 
the differences in the properties of colon v- 
forming cells of the various tissue origins, 
as suggestive of heterogeneity of cell tvpes. 
These v itferences may not reflect a hetero- 
geneous class of cells, but rather the fact 
that the same cells may be in a different 
physiologic phase of the life cycle when 
they reside in different tissues. The tem- 
perature at which the cell irradiations were 
done may also be important. 7» vitro 
irradiations were performed with cells at 
O-4? C. /n vivo radiation conditions were at 
37° €. (Homeostatic mechanisms maintain 
à constant body temperature.) Under such 
conditions, the mechanism proposed by 
Phillips and Tolmach,! and by Whitmore 
and Guyas'’ may operate, That is, irradia- 
tion produces "potential" lesions within 
the irradiated cell. Such lesions may either 
be fixe: giving rise to a lethal event or be 
repaired. The differences observed with 
spleen cells in these experiments are con- 
sistent with the interpretation that for 
irradiation 1” vivo, repair processes pre- 
dominate for the Spleen cells. For bone 
marrow cells, the progression to fixation is 
apparently the predominant process. Still 
another possibilitv is suggested bv the 
higher extrapolation number observed iz 
vivo then under i» vitro irradiation condi- 
tions. Thus, recovery processes involving 
extrapolation number of the ty pe described 


by Elkind and Sutton? might also be pres- 
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ent. The transplanted cells may also inter- 
act with those in the tissues in which they 
are deposited, contributing to their im- 
proved survival. 

On the basis of these experiments the 
question is not entirely resolved. However, 
noteworthy is the temperature shift which 
was part of the protocol of these experi- 
ments, Rao and Engelberg!? have recently 
studied the effects of temperature on the 
cell cycle. Of the various possibilities, we 
believe that the process of cell harvesting 
and transplantation may have altered cell 
progression through the cell cycle. Terasima 
and Tolmach! have shown, using syn- 
chronized HeLa cells, that radiosensitivity 
varies with cell age. Similar radiosensitivity 
fluctuations have been observed in other 
experiments following transplantation. 
This suggests that CFU radiosensitivity 
may not be constant during the early 
period following transplantation, but in- 
stead pass through multiple ditferent states. 


SUMMARY 


X-irradiation survival response by 
colony-forming ability was determined for 
mouse spleen cells. Cells irradiated 17 
vitro or in vivo differed in their radio- 
sensitivity and cells irradiated 775 vzv 
were less sensitive than cells irradiated 
in vitro. 'The differences appeared to be 
due to a difference in the slope or D, of the 
survival curve. Do iz vivo was 109 rad, and 
in vitro was gi rad. Oxygen breathing did 
not alter radioresponse. The extrapolation 
of cell radioresponse observed 77 vitro to the 
in vivo situation may be limited. under 
certain circumstances. 

Yosh Maruyama 

P.O. 187 

University of Minnesota Hospitals 
Minneapolis, Minnesota $5455 

Mary Bilek, Biometrics Division, pro- 
vided assistance with the statistical analy- 
sis of the data. 
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LETHAL EFFECT AND VISIBLE IRRADIATION 
DAMAGE* 


By V. V, BRUNST, Sc.D. 


BUFFALO, NEW 


SIS well known, the older the organism, 
the more resistant its tissues are to 
radiation. One classical example of decreas- 
ing radiosensitivity with increasing age is 
provided by the insect Drosophila. The 
lethal dose for this insect is 190 r for eggs, 
1,300 r for larvae, and 100,000 r for 
adults. ^'^ Varying sensitivities to roentgen 
irradiation also occur in amphibians, par- 
ticularly in the salamander known as the 
Mexican axolotl (Stredon mexicanum). The 
differences in the sensitivities of axolotl 
larvae 5, 10, 20, and 30 days subsequent to 
hatching are remarkably great, each day of 
age being important.?? 

The general opinion is that it is easv to 
suppress mitotic activity and to damage 
various tissues in a young organism by 
means of radiation. What, however, are 
the relationships between the abilitv to 
survive irradiation, the suppression of 
growth, and radiation damage? According 
to Carlson," for instance, "Cells vary 
enormously in their ability to survive 
lonizing radiation, and this seems to have 
no relation to the mitotic effect of the 
radiation. It requires, for example, 72 r to 
depress mitosis in cells of the developing 
rat retina to approximately the same extent 
as 8 r depresses it in the grasshopper 
neuroblast. On the other hand, 72 r kills 
approximately 11 per cent of the develop- 
ing rat retina cells as determined 6 hours 
after treatment, while 10,000 r produces 
virtually no deaths of grasshopper neuro- 
blasts within at least 8 hours after treat- 
ment." 

What will be the results of irradiating 
young axolotl larvae with various doses, 
including both lethal and nonlethal doses? 


YORK 


It is not easy to answer this question, since 
it is necessary first to know the minimum 
dose that will really kill the animals, as 
well as the latent periods both tor the 
organism as a whole and for the individual 
tissues. In particular, two factors must be 
taken into consideration: the size of the 
dose and the age of the irradiated animals. 

A previous investigation? utilized axolotls 
30 and 47 davs after hatching. The present 
studv, however, utilized axolotls 12 davs 
after hatching. There is a good deal of dit- 
ference between axolotl larvae 12 davs 
and 30 days of age. The latter are 3 or 4 
times as large and have 4 limbs, whereas 
the former have onlv the 2 anterior limbs. 
The previous investigation involved only 
2 doses: 3,000 and 6,000 r, respectively. 
lhe purpose of the present study is to 
demonstrate the relationship of lethal etfect 
to growth suppression and visible radiation 
damage after irradiation with various 
doses ranging from 100 to 3,000 r. 


MATERIALS AND METHODS 


The present study utilized 650 axolotls 
(Siredon mexicanum), 12 days after hatch- 
ing. In one series of experiments involving 
too animals taken from one spawning, 
nine groups of cgo animals each received 
total-body irradiation with 200, 300, 400, 
800, 1,000, 1,500, 2,000, and 3,000 r, re- 
spectively. In another series of experiments 
involving 150 animals taken from another 
spawning, two groups of £o animals each 
received 100 and 200 r, respectively. In 
each series of experiments, the remaining 
so animals served as untreated controls. 

Irradiation conditions were as follows: 
100 kv., § ma.,o.25 mm. Al filter, beryllium 


* From the Radiobiology Laboratory, Roswell Park Memorial Institute (New York State Department of Health), Buffalo, New 


York. 


This study was supported by Grant CA-ogs7g-06 from the United States Public Health Service. 
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window roentgen-rav tube, and target- 
object distance 20 cm. Under these condi- 
tions, the intensity was 299.6 r/min. 
During irradiation, the animals were in a 
minimal amount of water, a laver about 
3 to 4 mm. thick, in a plastic box 4.5X 
4.5X 1.5 cm, Immediately after irradiation, 
the animals were put into fresh water. 

The mortality rate was very high even 
after irradiation. with the lowest doses. 
Most animals still alive when it was time 
for fixation were alreadv dying. Animals 
were fixed in Stieve's acetic acid solution 
of mercuric chloride and formaldehyde! 
for histologic study. The material was 
embedded in paraffin containing $ per cent 
beeswax, and was sectioned at 8 u. Sections 
were stained with Ehrlich’s hematoxylin 
and eosin, and photomicrographs were 
made underlow {X 170) and high (X 570) 
magnifications. 
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Fic. 1. Suppression of growth of young axolotls irradiated with small doses (200 and 400 r). N, growth of nor- 
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RESULTS 
GROVELH SUPPRESSION AND LETHAL EFFECT 


Definite data concerning the effect of 
ico r on growth were not provided by the 
present study. All other doses from 200 r 
up, however, very definitely suppressed 
growth. This effect is obvious in growth 


curves (Fig. 1) and in photographs of 
irradiate and control animals (Fig. 2,47- 


D). Growth and development were almost 
completely suppressed even bv doses as 
small as 200 or goo r. Differences between 
animals irradiated with 400 r and control 
animals were evident as early as 13 days 
after irradiation (Fig. 2, ,7 and C), but 
very much more so 17 days later (Fig. 2, 
B and D). 

It was surprising to find that almost all 
of the irradiated animals died within the 
first morth after irradiation, only 2 animals 


mal (unirradiated) larvae. Ordinate: sizes of larvae in mra. Abscissa: period of observation, 
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Fic. 2. Effects of irradiation with aco r on growth and development of young axolotls. (4) Irradiated larvae 
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24 days after hatching (irradiated 12 days after hatching). (B) The same animals 17 days later. (C) Normal 
(unirradiated) larvae 25 days after hatching. (D) The same animals 17 days later. 
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Fic. 3. Lethal effects of irradiation with various doses: 200, 600, ard 3,000 r. Ordinate: numbers of animals 
surviving. Abscissa: period of observation. N, number of normal (unirradiated) animals. 


(2 per cent) surviving after 200 r and only 
4 (8 per cent) after 100 r. The lethality of 
the doses used is thus obvious. Especially 
noteworthy is the fact that the great 
majority of animals irradiated with more 
than roo r died on the sth or 6th day after 
irradiation (Fig, 3). It should also be noted 
that the deaths of the last animals surviv- 
ing irradiation with 600 and 3,000 r were 
separated by only 9 davs, and the deaths of 
the last animals surviving irradiation with 
800 and 3,000 r were separated by only a 
single dav. 


HISTOLOGY OF UNIRRADIATED LARVAE 


Before radiation damage 1n axolotls can 
be evaluated appropriately, it 1s necessary 
to take into consideration the histologic 
peculiarities of control axolotls of the 
same age. These peculiarities are highly 
important in this regard, since one of the 
normal characteristics of certain tissues in 
these animals is variability, and any 
attempt at evaluating radiation effects 
without knowing the normal range of 
variability is ill advised, to say the least. 

Generally the skin epithelium of the 


body and tail of normal axolotls is simple 
squamous epithelium (Fig. 5.7). In some 
regions, however, the skin epithelium is 
commonly transformed into stratified squa- 
mous epithelium; on the head, in fact, this 
is the rule (Fig. 4, 47, B and £). 

Variation in other tissues and organs 
may be considerable. The size of the nuclei 
of liver cells, for example, tends to differ 
from one anormal axolotl to another. Liver- 
cell nuclei are comparatively large in some 
individuals (Fig. 4C), but much smaller in 
others. 

Lymphatic tissue, particularly of lymph 
nodes, develops gradually, and even such 
typical lymphoid tissue as the peripheral 
portion ef the liver can be observed only 
towards the end of the first month. In con- 
trast, organs such as the olfactory chambers 
(Fig. 48) and the eyes (Fig. 8D) are clearly 
differentiated into their characteristic 
structures even in small larvae. The pres- 
ence of large blood vessels and many small 
blood vessels is typical (Fig. 4 D). 


HISTOPATHOLOGY OF IRRADIATED TISSUES 


Skin Epithelium. Changes in the skin 





s, G4) Part of sagittal section through lower jaw of larva 35 
skin aaa T, tooth anlage. Photomicro- 
lays after relator CT, loose connective 


Fic. 4. Histology of normal (unirradt: ited) axolotl 
days after hatching. CT, cells of loose connective tissue; Fa 
graph X170. (B) Part of frontal section through head of larva SEA 


N nostril; O, olfactory epithelium; P, pigment cell. Photomicrograph Sn 


tissue; E, skin epithelium; N, 
(C) Part of frontal section through liver of larva 41 days after h Ane ng. L, nuclei of liver cells. Dicto iere 
hing. BC, blood cells in 


Lb x «7o. (D) Part of frontal section through body of larva 33 days after hatc 
large blood vessel near liver. Photomicrograph X70. (E) Part of frontal section through vee d of larva 35 


days after hatching. E, nuclei of cells of skin epithelium. Photomicrograph X $70. 
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TABLETI 


DAMAGE TO THE SKIN EPITHELIUM AFTER 
IRRADIATION WITH 3,000 r 





Days after 


Animal . Areas Affected 
Irradiation 
1 4 (No damage) 
5 4 (No damage) 
3 4 Head 
4 6 Tail 
is " Part of tail 
6 8 Posterior part of body and tail 
= 12 Separate, very limited portions 
8 12 One side of head 
9 ys Part of tail 
10 13 Posterior portion of body 
L1 13 Head 
I 13 (No damage) 
i4 [s Anterior portion of head 
14 18 Anterior portion of jaws 
ie 13 Posterior portion of body 
16 15 Anterior portion of Jaws 
1 ig End of tail 
18 16 Tail and head 
19 16 Head 
20 16 Separate, very limited portions 


epithelium are widely recognized as being 
very important in evaluating the effects 
of irradiation. In most instances, a reaction 


to radiation involves the development of 


giant cells and degeneration of the epi- 
thelium. 
Axolotls as voung as those used in the 
present study are highly sensitive to 
radiation, as was demonstrated bv the 


definite suppression of growth and the 
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very large mortality in this study. Under 
the circumstances, the response to irradia- 
tion could very reasonably be expected to 
be tota: and highly monotonous, especially 
after doses as large as 2,000 or 3,000 r. 

E uus ids. Mira was no En 
response 2 ae in epithelium was very 
diverse, and even at its most severe was 
only aa Not a single animal with 
totally damaged skin epithelium could be 
found, but the skin epithelium. was com- 
pletely normal in some instances even 
after 3,000 r. 

Of 20 animals examined after irradiation 
with 3,200 r (Table 1), the skin epithelium 
Was UMEN normal in 2 animals 4 davs 
after irradiation, and 1n 1 animal 13 davs 
after irradiation. The normality of the skin 
epithelium in the first 2 animals is not hard 
to expkun, since the latent period for the 
skin ep ithelium under the conditions in- 
volved was evidently greater than 4 days in 
these 2 animals; but the normality of the 
skin epithelium in the third animal is sur- 
prising, since the E animals surviving the 
same dose died only 3 days later. 

Typical normal skin epithelium could be 
found in every irradiated animal, at least in 
some regions (Fig. 5, 8 and D; 6, B, D and 
E;9 Di 11/2. It was not easy to decide 
which areas of the skin epithelium. were 
most sensitive to radiation, since even the 
areas damaged most often (the head and 
tail, especially the end of the tail) were 
completely normal in some animals re- 


Fic. c. Histology of normal and irradiated axolotls. (4) Part of frontal section through distal portion of tail 


of normal larva 33 days after hatching. E, cell of skin epithe) um. Photomicrograph X170. (B) Part of 
frontal section through tail of irradiated latva 33 days after harching (21 days after irradiation with 1,500 
r). E, nucleus of did cell. Photomicrograph X £70. (C) Part of frontal section through tail of irradiated 
lason 26 davs after hatching (14 days after irradiation with 2,000 r). AE, nucleus of abnormal (giant) 
epithelial cell. Photomicrograph X 570. (D) Part of sagittal section through distat portion of lower jaw of ir- 
radiated larva 24 days after hatching (12 days after irradiation with 3,000 r). AE, abnormal epithelium; 
CT, loose connective tissue; T, tooth anlage. Photomicrograph X 170. CE) Pus of frontal section through 
MEN of irradiated larva 37 « dius after hatching (25 days after irradiation with 100 r}. M, mitotic activity 
in Pu a and epu tissues. heron rograph X $70. p of WE section through Duo 
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6o 
ceiving the same dose (Table 1). Curiouslv, 
damage to the skin epithelium was no 
greater in some of the last animals sur- 
viving 3,000 r than in some other irradiated 
animals. 

In certain instances, damage following 
irradiation was only slight. The nuclei of 
cells of the cutaneous or oral epithelium 
were enlarged very little, although the 
epithelium did develop an uneven outer 
surface and separate cells protruded from 
that outer surface in some places (Fig. §, D 
and F). 

True giant cells also developed. The 
simple squamous epithelium of the tail 
(Fig. 5B) became transformed, within 14 
days after irradiation, into stratified epi- 
thelium consisting of giant cells with giant 
nuclei (Fig. £C; 9, & and F). Even so, the 
resulting giant nuclei never reached the size 
of the giant nuclei that developed, for ex- 
ample, after local irradiation of the head of 
the young axolotl.* 

Giant-cell epithelium is ordinarily. char- 
acterized bv an irregular structure and an 
uneven outer surface (Fig. 9, Æ and 7). In 
the present study, however, the skin 
epithelium sometimes underwent a trans- 
formation that had never been observed 
before, a transformation from simple squa- 
mous epithelium (Fig. 65) into stratihed 
columnar epithelium. This latter type of 
epithelium generally has a basal layer of 
almost cuboidal cells, together with an 
outside layer of cells that are mostly 
columnar, but almost completely isolated 
from one another. All of the cells of the out- 
side layer have almost the same height, and 
give the impression of a very precise struc- 
ture (Fig. 6, .7 and C; 11D). It is interesting 
that this tvpeof epithelium was observed in 
some places after highly different. doses: 
small (300 r), medium (1,000 r), and large 


radiation used in the present study, the 
loose connective tissue remained normal in 


irradiation with 1,500 r, muscle tissue also 
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remained completely normal in appear- 
ance (Fig. 10D). 

Skeletai Tissues, No changes in bone or 
cartilage were observed after irradiation 
(Fig. 5, D and F; 8, A-C; 1144). 

Neural Tissue. After irradiation, the 
neural tissue likewise had a normal ap- 
pearance (Fig. 11C). 

Mitotic Activity. After irradiation with 
only 100 r, mitotic activity was normal, or 
perhaps even stimulated (Fig. £A). After 
all larger doses, however, mitotic activity 
was obvicusly suppressed. 


HISTOPATHOLOGY OF IRRADIATED ORGANS 


Intestinal Tract. Pathologic changes in 
the intestrmal tract were not observed. The 
epithelium of the stomach and intestines 
appeared normal (Fig. 9, Zand B; 105). 

Liver. Variations in the size of the nuclei 
of liver celis were extensive afterirradiation; 
but they did not exceed the range of such 
variations in normal animals, and hence the 
liver can presumably be considered to have 
remained normal after irradiation (Fig. 4C; 
10€). 

Spleen. Damage to the spleen in ir- 
radiated animals was obvious. Only after 
irradiation with a dose as small as 100 r was 
the spleen ever apparently normal (Fig. 
7.4), After arger doses, however, the spleen 
always became greatly reduced in size 


surviving large doses (Fig. 9C; 115). After 
irradiation, the number of cells in the spleen 
was also greatly reduced. It is clear that ir- 
radiation was followed by degeneration of 
the spleen. Such degeneration was charac- 
terized by the presence of pigment cells and 
large cells with granulated cytoplasm in 
the spleen (Fig. 7, C and D; 9C). 

Blood Vessels and Blood Cells. Yn all ir- 
radiated animals, the number and sizes of 
blood vessels and the number of blood 
cells obvicusly underwent a major diminu- 
tion. 

Olfactory Chambers. In all irradiated ani- 
mals, even in the last animals surviving 
2,000 r, the olfactory chambers remained 
normal (Fig. 11C). 





Vic. 6. Histology of irradiated axolotls. (7) Part of frontal section through distal portion of tail of irradiated 
larva 43 days after hatching (31 days after irradiation with 300 rn. AE, abnormal skin epithelium. Photo- 


micrograph X 170. (B) Part of frontal section through distal portion of tail of irradiated larva 34 days after 


hatching (22 days after irradiation with 400 r). F, normal skin epithelium. Photomicrograph X170. (C) 
Part of frontal section through distal portion of tail of irradiated larva 26 days after hatching (14 days after 
irradiation with 1,000 r). AE, abnormal skin epithelium. Photomicrograph X170. (D) Part of frontal sec- 
tion through head of irradiated larva 29 davs after hatching (17 davs after irradiation with foo r). B, brain; 
CT, connective tissue; E, skin epithelium. Photomicrograph X170. (E) Part of frontal section through 


head of larva 30 davs after hatching (14 days after irradiation with 1,000 ry). C, cartilage; CT, connective 
. e" D " ; . i 4 3 e j b 7 * in agit | 3 
tissue; E, normal skin epithelium; M, muscle. Photomicrograph X179. 





_ CA) Part of section throuza normal spleen of irradiated larva 76 days 


Fic. 7. Normal and damaged spleens 
after hatching (64 days after irradiation with 100 r). Photomicrograph X $70. CH) Part of section through 
oor), Photomicrograph 


spleen or irradiated larva 33 days after hatching (17 days aftast irradiation with 600 r). 
sco. (C and D) Portions of sections through spleens of two larvae 31 days after hatching (15 days after 
irradiation with 1,sco r[C] or 3,000 r [D]). P, cells with pigmer t and granules. Photomicrographs X 570. 


Eyes. In all irradiated animals, the eyes 
were completely normal, except for slightly 
retarded development (Fig. 8, 44-D; 104; 
11.4), even in the last animals surviving 
2,000 and 3,000 r (Fig. 114). Special at- 
tention should be given to the animal 
shown in Figure 8C. This animal was ir- 
radiated with 3,000 r. The last animals sur- 
viving this dose died 19 days after irradia- 
tion, but this animal was fixed 18 days after 
irradiation. Portions of the eye as radio- 
sensitive as the rod-and-cone layer and the 
cornea were completely normal in this 
animal, as the Figure shows. 


DISCUSSION 


The findings obtained in the present 
study lead to the paradoxical conclusion 
that observable changes in the tissues can 
be extremely small even in the last animals 
surviving a dose as large as 2,000 r (Fig. 9, 
10 and 11), in spite of the generally lethal 
effect of all doses from 100 r up and the 
definitely lethal effect of all doses above 
200 r. Presumably the reason why the 
animals died was that irradiation was fol- 
lowed by complete degeneration of the 
spleen. The effect on the spleen is con- 
siderably more important in these animals 
than it would otherwise be, since they lack 
bone marrow, and the lymph nodes and 
the lymphoid tissue in the peripheral por- 
tion of the liver do not develop until much 
later, about 13 months after hatching. In 
fact, the spleen is probably the only blood- 
forming organ that these animals have at 
this early stage in their development. That 
being the case, the immediate cause of 
death for the animals dying as a result of 
irradiation was most likely exhaustion of 
the blood following disappearance of the 
blood cells. Damage to the skin epithelium 
was comparatively limited, and would seem 
to be of little or no importance in relation 
to the lethal effect of radiation. 

All other tissues and organs in the ir- 
radiated animals appeared normal. Even 
such highly radiosensitive organs as the 
olfactory chambers and the eyes, especially 
the cornea, the rod-and-cone layer, and the 
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lens, appeared normal even in the last ani- 
mals surviving the largest doses. Why did 
most tissues and organs appear normal? 
Paradoxically, the regions without directly 
observable damage appeared normal be- 
cause the animals died as quickly as they 
did, before the latent periods for these 
particular tissues and organs were com- 
pleted. The latent period for each region of 
an organism is independent of the general 
condition of the organism. Even if the 
organism is sick from the effects of radia- 
tion, even if itis dying from those effects, a 
tissue whose latent period has not been 
completed will appear normal. Irradiation 
damage to the tissues can be much greater 
if the animals are older at the time of treat- 
ment, and hence less sensitive and thus able 
to survive the effects of radiation for a 
much longer period. 

'The length of the latent period depends 
upon the amount of radiation administered. 
By administration of a very high dose, the 
latent period can be largely or completely 
eliminated. Gerstner, Lewis, and Richey" 
found immediate and complete abolition of 
function, together with morphologic 
changes, in isolated striated frog muscle ir- 
radiated with 150,000 r. Severe histologic 
alterations in rabbit muscles were seen 24 
hours after irradiation. In the mucoid cells 
of male albino mice, the diameter of the 
secretory granules was increased by ap- 
proximately 80 per cent 24 hours after ir- 
radiation. 

Some organisms are extremely radio- 
sensitive, and hence a response to radiation 
can be observed very earlv, even after only 
a moderate dose. According to Vogel," 
marked pathologic changes in the retina in 
newborn mice can be observed 3 to 4 hours 
after irradiation with as little as 1,000 r. 
Brace, Andrews, and Thompson? observed 
that a characteristic tetanic state de- 
veloped in guinea pigs less than an hour 
after irradiation with 10,000 to 25,000 T, 
and persisted until the animals were mori- 
bund. 

If the dose is high enough, death may oc- 
cur "under the beam." Henshaw" gave 





Fic. 8. Eves of irradiated and control animals. (A) Part of section through eve of irradiated larva 22 days 
after hatching (10 days after irradiation with 2,000 r). B, bram; C, cartilage; CR, cornea; L, lens; P, pig- 
ment laver. Photomicrograph X 170. (B and C) Portions of sections through eves of two larvae 30 days 
after hatching (18 days after irradiation with 2,000 r [B] or 3, 
pigment laver; R, retina; 
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co r{CH. C, cartilage; CR, cornea; L, lens; P, 
a; RC, rod.and.cone laver. Photomicrographs » 170. (D) Part of section through 
eye of control larva 40 days after hatching. CR, cornea; L, lens; R, retina; P, pigment layer. Photomicro- 
graph X170. 
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Fic. 9. Portions of sections through tissues and organs of last survi ving irradiated animals 34 days after hatch- 
ing (22 days after irradiation with 1,500 r). All photomicrographs X $70. (4) Epithelium of stomach. N, 
nucleus. (B) Epithelium of intestine. N, nucleus. (C) Spleen. Gr, cells with granules; P, cells with pigment. 
(D-F) Normal (D) and giant-cell (E and F) skin epithelium. E, epithelial cells; CT, loose connective tissues; 
G, giant nuclei; P, pigment cells. (G) Connective tissue cells, C. 
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doses of 50,000 r to mice, rabbits, and 
guinea pigs, and the animals usually died 
during exposure. Severe morphologic 
changes occurred in hamsters that died 
during exposure to 110,000 r.'* Temporary 
inhibition of mitotic activity can. be ob- 
served I hour after irradiation with a very 
small dose, such as 64 rin the case of grass- 
hopper neuroblasts.!? Frog tadpoles can be 
killed in a period of 14 hours through the 
use of 160,000 r of roentgen rays.'? Glocker 
and Langendorff”? showed that frog eggs did 
not continue cleavage after roentgen irra- 
diation with 600,000 r; 7.e., the latent period 
was absent, and the reaction took place 
immediately. 

It must be recognized that some varla- 
tion in the length of the latent period is pos- 
sible for animals of the same species and the 
same age. Likewise, variation in sensitivity 
to radiation also occurs in animals of the 
same species and the same age. Latent 
period and radiosensitivity are not con- 
stants. 

Differences of several days in the length 
of the latent period can be observed even 
in animals of the same age. In a previous 
study,’ the effects of radiation on the cornea 
in axolotls of exactly the same age as those 
in the present study were somewhat ditfer- 
ent. In the present study, the cornea was 
completely normal 18 days after irradiation 
with 3,000 r. In the previous study, how- 
ever, the cornea had undergone significant 
changes only 17 davs after irradiation with 
the same dose: the cells of the corneal epi- 
thelium were increased in size but decreased 
in number, and melanophores were present 
among the epithelial cells. Complete dis- 
organization of the corneal epithelium took 
place in 21 days. In the present study, the 
last animals surviving irradiation with 3,000 
r died 19 davs after irradiation, presumably 
very close to the end of the latent period for 
the cornea. Only one or two more days of 
survival, and damage to the cornea would 
most likely have become evident. In any 
case, it is interesting that radiation damage 
occurred slightly earlier in the previous 
study, in view of the fact that irradiation 
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was local in the previous study but total- 
body in tre present one. 

Even after irradiation with 4,000 r, the 
latent period for the cornea, lens, and retina 
is much longer in 1 year old axolotls.? The 
same thing is true in the adult animals.” 

In the young axolotl, the olfactory epi- 
thelium is one of the most radiosensitive of 
all areas of the head, and truly normal ol- 
factory epithelium was never found after 
irradiation in a previous study.’ “However, 
in 17 per cent of the cases... , the epithe- 
lium of the olfactory chambers was only 
slightly damaged. The tvpical orientation 
of olfactory cells disappeared. It 1s neces- 
sary to taxe into consideration that, with 
one exception, such slightly damaged olfac- 
tory epithelium was discovered only after 
early fixation (between 13 and 36 days post- 
irradiation). From this we can conclude 
that the clfactory epithelium reacts with 
comparative slowness to irradiation." 

In that previous studv,! axolotls were ir- 
radiated with 3,000 or 6,000 r 25 or 32 davs 
after hatching, and only the anterior por- 
tion of the head was exposed. In the present 
studv, the animals were much younger, but 
no damage developed in the olfactory 
chambers. Obviously the radiosensitivity of 
the olfactcry chambers was different at the 
different ages represented in the two stud- 
ies, but che difference in the radiosensi- 
tivitv was opposite to what would be ex- 
pected in view of the fact that the olfactory 
chambers are highlv radioresistant in adult 
animals, but highly radiosensitive in young 
animals. In adult axolotls, normal olfactory 
epithelium was still present in some areas 
even after irradiation with 10,000 r; com- 
plete disappearance of the olfactory epi- 
thelium and its replacement with skin 
epithelium following irradiation was often 
observed in young animals,’ but never in 
adult animals.* 

In the skin epithelium of axolotls ir- 
radiated 14 days after hatching,’ the first 
changes were noted 8 days after 8,000 r, 14 
days after 6,000 r, 17 days after 3,000 r, 21 
days after 1,000 r, and 25 days after $00 r. 
These findings are closely comparable to 





Vic. 10. Portions of sections through tissues and organs of Jast surviving irradiated animal 34 days after 
hatching (22 days after irradiation with 1,500 r). (Continuation of Fig. 9) Photomicrographs X 570, ex- 
cept where otherwise noted. (4) Eye. CR, cornea; L, lens; P, pigment laver; R, retina. Photomicrograph 
x 170. (B) Intestinal epithelium. N, nucleus. (C) Liver. L, liver cell. (D) Muscle and skin epithelium. N, 
nucleus of muscle cell; E, skin epithelium. 





kic. 11. Portions of sections through tissues and organs of last surviving animal 35 days after hatching (23 
days after irradiation with 2,000 r), Photomicrographs X $70, except where otherwise noted. (.7) Eve. B, 
brain; C, cartilage; CR, cornea; CT, connective tissue; L, lens; P, pigment layer; R, retina. Photomicro- 
graph X170. (B) Spleen, S. (C) Brain and olfactory chamber. B, brain: C, cartilage; CT, connective tissue; 
E, skin epithelium; N, nostril; O, olfactory epithelium; P, pigment cell. Photomicrograph X170. (D and 
E) Abnormal (D) and normal (£) skin epithelium. AE, abnormal epithelial cell; E, normal epithelial cell. 
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those obtained in the present study. 

Evidently radiation damage is not always 
visible. That being the case, the differences 
between “‘visible changes in cells" and “‘in- 
visible changes” are real, and not merely 
apparent. Total-body irradiation is very 
often followed by only partial damage to 
tissues and organs. In the present study, 
this was the case in the cutaneous and oral 
epitheltum. 

In a previous study, axolotls were ir- 
radiated with 3,000 r 30 days after hatch- 
ing, or with 6,000 r 47 days after hatching. 
After 3,000 r, the number of cells in the 
spleen was greatly reduced, and a limited 
number of usually large cells with granu- 
lated protoplasm wereobserved. These find- 
ings were essentially the same as those ob- 
tained in the present study. After 6,000 r, 
however, the spleen was sometimes much 
larger than normal. In such a spleen, there 
was extensive mitotic activity, even though 
the animal was severely injured and was 
dying from radiation damage. This unusual 
mitotic activity can be considered an in- 
stance of roentgen stimulation. Only in rare 
cases is the combination of dose and age— 
here 6,000 r 47 days after hatching—exactly 
rght to produce this effect. The situation 
can be compared to that of the type of 
master key that opens a small number of 
different locks, but not any others. Thus 
radiation stimulation can be observed only 
in rare cases. 


SUMMARY 


The present study utilized 650 axolotls 
(Siredon mexicanum), 12 days after hatch- 
ing. In one series of experiments involving 
500 animals from one spawning, nine 
groups of 5o animals each received total- 
body irradiation with 200, 300, 400, 600, 
800, 1,000, 1,500, 2,000, and 3,000 r, respec- 
tively. In another series of experiments in- 
volving 150 animals from another spawn- 
ing, two groups of 50 animals each received 
100 and 200 r, respectively. In each series 
of experiments, the remaining 50 animals 
served as untreated controls. 

i. All doses from 200 r up very definitely 
suppressed growth. 
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2. The response of the skin epithelium 
to irradiation, even with a dose as large as, 
3,000 r, was highly diverse, and at most; 
only partial. Not a single animal with 
totally damaged skin epithelium could be 
found, but the skin epithelium was com- 
pletely normal in some instances even after 
3,000 r. In some areas of the skin LEE 
of irradiated animals, giant cells developed 
and the simple squamous epithelium was 
transformed into stratified columnar epi- 
thelium. 

3. Loose connective tissue, muscle, skele- 
tal tissues, and neural tissue were com. 
pletely normal in all irradiated animals. 

4. Likewise, the intestinal track, thé 
liver, the olfactory chambers, and the eyes 
were completely normal in all irradiated 
animals. 

5. Damage to the spleen in radiata 
animals was obvious. The organ was greatly 
reduced in size, and the number of cells in it 
was also greatly reduced. The presence of 
pigment cells and large cells with granu- 
lated cytoplasm was characteristic of the 
degenerated spleen. 

6. The number and size of blood vessels 
and the number of blood cells was obviously 
reduced. 

7. Mitotic activity was greatly sup- 
pressed. 

8. Paradoxically, visible changes in the 
tissues were extremely limited, despite the 
decidedly lethal effect of even small doses 
of radiation. Presumably the reason why 
the animals died was that irradiation was 
followed by complete degeneration of the 
spleen. It seems that the spleen is the only 
blood-forming organ that these animals 
have at this early stage in their develop- 
ment, and hence the immediate cause of 
death for the irradiated animals was 
probably exhaustion of the blood as a result 
of disappearance of the blood cells. 

9. Even such radiosensitive organs as the 
olfactory chambers and the eyes were not- 
mal in irradiated animals. Paradoxically, 
the regions without directly observable 
damage appeared normal because the ani- 
mals died as quickly as they did, before tlie 


latent periods for these particular tissues 


7o 


and organs were completed. The latent 
period tor each region of an organism is in- 
dependent of the general condition of the 
organism. Even if the organism is sick from 
te effects of radiation, even if it is dying 
from those effects, a tissue whose latent 
period has not been completed will appear 
Em 
. It. must be recognized that some 
variation in the length of the latent period 
is possible for animals of the same species 
and the same age. Likewise, variation in 
sensitivity to radiation also occurs in ani- 
mals of the same species and the same age. 
Differences of several davs in the length of 
the latent period can be observed even in 
animals of the same age. 
The Radiobiology Laboratory 
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THE RELATIVE BIOLOGIC EFFECTIVENESS OF 
COBALT 60 GAMMA AND 200 KV. X 
RADIATION FOR CATARACT 
INDUCTION 
By ELIZABETH F. FOCHT, Pu.D.,* GEORGE R. MERRIAM, Je, M.D.,4 
MELVIN S. SCHWARTZ, M.D.t and R. WAYNE PARSONS, B.A.1 


NEW YORK, NEW YORK 


E purpose of the present study was 
to compare the biologic effectiveness 
of x radiation produced at 200 kvp. and the 
gamma radiation of cobalt 60. The bio- 
logic criterion was the induction of radia- 
tion cataract in the rat lens. 

The response of the mammalian lens to 
ionizing radiation by the induction of cata- 
ract is well known. The related factors of 
dose, time of onset, time-dose relationship 
and other similar aspects of the problem 
have been described in the publications of 
such workers as von Sallmann et al,” 
Cogan e£ al.,?? Leinfelder and Kerr,’ Riley 
et al} Upton ef 41.7? and Merriam 
and Focht and their co-workers.* ^? 

A study and a summary of relative bio- 
logic effects (RBE) in mammalian systems 
has been prepared by Storer e£ al.” For the 
production of 3o day lethality and testicu- 
lar atrophy in mice, the RBE reported was 
0.77 for cobalt 60 gamma rays compared to 
260 kv. x radiation at a half value layer of 
about 2.4 mm. of Cu. For splenic and thy- 
mic atrophy in the mouse, the RBE was 
unity. Berg and Lindgren! found cobalt 60 
radiation less effective than 200 kv. x rays 
at a half value layer of 0.9 mm. Cu for 
brain damage in rabbits. More recently, 
Hall? has compiled data from the literature. 
The only figure he found for cobalt 60 radta- 
tion was that bv Upton ef a/. of 0.7 com- 
pared to x radiation produced at 250 kv. 
for lethality in mice. For the effect on 
broad bean roots within a water phantom, 
Hall obtained 0.84 for cobalt 60 gamma 


rays compared to 220 kv. x rays. An ex- 
periment by Crabtree, also summarized by 
Hall, reported an RBE of 1 between radium 
gamma rays and 200 kv. x radiation for the 
reduction in glvcolvsis in the rat retina. 
Sinclair e£ al., 75 using the LDs, for the 
mouse, rat, chick embryo and yeast, and 
Fet? uptake in rats, found RBE values of 
o.82 to 0.93 for cobalt 60 radiation com- 
pared to 200 kv. x rays. Loken ef al!’ ob- 
tained an RBE of o.81 for the effect of co- 
balt 60 gamma ravs compared to x ravs in 
inhibiting the hatching of chicken eggs. In a 
recent analysis, Krohmer® found an RBE 
for cobalt 6o radiation with respect to x 
radiation to be o.go for survival of Hela 
cells. The x rays ranged from 100 kvp. and 
a half value layer of 5.0 mm. Al to 250 
kvp. and a half value layer of 3.2 mm. Cu. 
Upton e aL? published some results 
which would give an RBE of about o.8 for 
the gamma radiation from cobalt 60 com- 
pared to 250 kv. x radiation for induction 
of lens opacities in mice and rats. These 
were whole body irradiations and the 
question of systemic effects and selection 
due to observing only survivors may arise. 
From the literature it would appear that 
an RBE of 0.7 to 1.0 has been found for 
cobalt 60 gamma compared to 200 kv. x 
radiation. Little work has been done using 
the mammalian lens as the indicator and it 
was felt that further studies utilizing large 
groups of animals to give results of greater 
statistical significance would be valuable. 
The rat lens should be a good biologic in- 
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hac. 1. The experimental set-up for the cobalt 6o 
unit. The machine shutters defined a field of about 
3em.X3 em. on the surface of the lead brick. The 
opening in the latter was 1.6 cm. on the exit side, 
at 30 cm. distance. 


dex for several reasons. It is part of a mam- 
malian system and thus may have more 
clinical significance than organisms in other 
classes. Since the lens is a small volume 
near the surface, it 1s readily accessible for 
accurate radiation dosimetry, and can be ir- 
radiated without complications due to 
effects on other tissues. The dose and the 
radiation quality can be determined with- 
out significant corrections for such effects 
as absorption or scatter. The spatial dis- 
tribution of dose over its small volume will 
be very nearly the same for most energies of 
radiation. 


EXPERIMENTAL ANIMALS 


Adult female rats of the White Sherman 
strain were used. Their age was chosen at 
about 4 months so that the life span would 
be long, and so that the question of in- 
creased sensitivity of the very young lens 
would be eliminated. Groups of 6 or less 
were kept to a cage, with food and water 
ad libitum. They were anesthetized at the 
time of irradiation with a subcutaneous 
injection of sodium pentobarbital accord- 
ing to body weight. Thereafter they were 
handled only for eye examinations and for 
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cage cleaning, and were housed in the regu- 
lar animal room. 


RADIATION FACTORS AND DOSIMETRY 


The standard radiation was an x ray 
beam produced at 200 kvp. and filtered by 
o.§ mm. of copper, ES i half value 
laver of 1.0 mm. of copper. . ver mm. field 
irradiated one eve onlv, with whole body 
protection for the x radiation as described 
In previous papers.) 

For the cobalt 60 irradiation, the set-up 
was as m Figure t. A lead buck e em. thick 
with a circular hole, tapered to fit the beam 
üt the treatment distance, defined the 
held. A 3 mm. layer of plastic absorbed any 
secondary electrons emitted from the lead 
surface and provided enough low atomic 
number material in the path of the beam 
to achieve electronic equilibrium. Suitable 
material under the rat's Jaw and body pro- 
vided a constant amount of back scatter. 

X ray dosimetry was studied in a phan- 
tom mock-up using a small Baldwin. 
Farmer ionization chamber and film iso- 

doses as described in an earlier paper.’ In 
the present work, similar film | isodoses 
were measured with the cobalt 60 unit. The 
irradiated area was at least 8.5 mm. wide 
at the gg per cent isodose, and 10 mm. wide 
at 98 per cent isodose. A factor for the 
chamber for cobalt 60 radiation was ob- 
tained by comparison with a 25 r Victoreen 
high energv chamber calibrated at the 
Bureau of Standards. Stem effects were 
checked for both chambers, with and with- 
out the stem shielded, and no differences 
were fcund within 1 per cent. 

Depth dose curves in terms of surface 
dose as 100 per cent were drawn from data 
in the literature for the small field sizes and 
for the target skin distances of 23 em. for 
the x ray set-up and 30 cm. for the cobalt 
6o set-up. From a histologic section of 
one of the rat's eyes, the anterior portion 
of the lens was estimated to be 1 mm. be- 
low the surface, and the anteroposterior 
diameter of the lens was 3 mm. A point on 
its anterior surface would, from the x rav 
depth dose curve, get about 3.5 per cent 


Vor. 102, NO. 3 
greater dose than the center, and a point on 
its posterior surface would receive about 
2.5 per cent less. The cobalt 60 curve 
showed somewhat less of a change across 
the anteroposterior dimension, the varia- 
tion being about plus or minus 2 per cent 
of the value at the center. 

The axis of the small chamber was placed 
perpendicular to the axis of the beam. Its 
diameter of 4 mm. was in the anteroposte- 
rior direction of the lens. It occupied ap- 
proximately the volume and position of the 
latter and read an average value of the 
radiation distribution throughout it. 

For the cobalt 60 set-up the chamber 
just touched the underside of the plastic. 
In order to test the decrease of radiation 
along the axis of the beam, two plastic 
caps were made to fit the Baldwin-Farmer 
chamber snugly. The first had a wall thick- 
ness of I mm., and the second of 2 mm. 
Using these in succession, the chamber was 
moved down through the phantom to two 
corresponding distances. Within this 2 mm. 
there was no decrease detectable within 
I per cent despite estimates from data in 
the literature as above. It was concluded, 
therefore that the dose distribution through 
this dimension of the lens was more uni- 
form than expected. 


METHOD OF TREATMENT 


Alternate eves of successive animals were 
irradiated; thus one rat had the right eye 
exposed and the next the left. In each ani- 
mal only one eve was treated and the other 
served as a control. At subsequent examina- 
tions the observer did not know which eve 
had been irradiated or which group was 
being examined. Groups of 25 to 30 rats 
were used for each a fenene quality or 
amount of radiation. Each animal was 
identifed by an ear punch coding system. 

Measurements of the dose were made orig- 
inally in units of roentgens, since this was 
easier to use due to usual calibration 
methods, and due to the impermanence of 
the conversion factor at that date. The 
factor for conversion for cobalt 60 gamma 
rays taken from Handbook 877 is 0.96 rads 
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per r for muscle or water. For x radiation of 
half value layer of 1.0 mm. Cu, the factor 
from Handbook 78° is 0.97 rade per r for 
muscle. In all cases the rat's eve was at the 
surface of a small field so that the spectral 
distribution of the radiation had not been 
changed sufficiently by scattering within the 
tissue to require corrections of the factors 
from the above values. 

Since the main question is not the abso- 
lute dose, but the relative effect of the 
radiations, and since there is only about 1 
per cent difference in the absorbed dose, 
the numerical values of the r exposures 
have been relabeled as rads. 

Different groups of animals were given 
doses of 2,000, 1,500, 1,000 and $00 rads of x 
radiation in a single treatment. Divided 
doses of the same totals were given to other 
groups with 1/3 of the total given on the 
first, third, and sixth davs. For each 
group the treatment time extended over a 
period of about 7 hours. In the fractiona- 
tion studies, c animals, which were in- 
dividually identified, were treated in the 
same order each time, so that the time in- 
terval between treatments for each would 
be approximately the same. 

In this RBE investigation, single and 
divided doses of 1,500 rads of cobalt 60 radi- 
ation were given. The dose rate for the lens 
was about 180 rads per minute for the 
x radiation, and 130 rads per minute for the 
cobalt 60 beam. With the x ray machine 
the radiation was delivered at a rate of 60 
pulses per second, due to the half wave rec- 
tification. In the case of the radioisotope 
it was continuous. 

SCORING 

Each eye of every animal was examined 
with a slit-lamp (corneal microscope) before 
treatment and every few weeks thereafter. 
Each cataract was graded o, 1+, 2+, 3+, 
4+ according to increasing degrees of 
severity, as described in previous work.* 
During the period of observation, which ex- 
tended beyond 7o weeks for the group 
given 1,500 rads in divided doses, only a 
few of the control eyes developed any senile 
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opacities, and these were toward the end of 
the experiment. Any rat with such a senile 
cataract was removed from the series 
when this opacitv developed. 


ANALYSIS OF DATA 


Consideration of the data on the basis of 
each stage of cataract separatelv or on an 
"average" basis has been discussed in an 
earlier publication.’ In the first, or quantal, 

analvsis the percentage of animals which 
had reached each given stage or higher 
stages were plotted against the time in 
weeks after the last day of treatment. A 
few such curves are drawn in Figure 2 for 
both x ray and cobalt 6o. Each curve is vale 
result of a probit analysis of the data points 
which was done with the aid of a computer 
program. There was no significant differ- 
ence between the two qualities for the 
stages shown. 

The single x rav dose of 1,200 rads was 
repeated after an interval of 1 year to de- 
termine its reproducibility. In the first ex- 
periment male rats were used, but there is 
no known reason to expect a difference on 

the basis of sex. For this portion of the ex- 

periment, done in 1959, there was no signif- 
icant difference demonstrated from the 
1960 experiment. 

Similar analyses, by stage, were made 
for the single and divided x irradiations of 
2,000, 1,000 and $00 rads. Using the results 
for 2+ and higher, the doses were plotted 


»etween the groups at either stage. 


against the time at which so per cent of the 
animals had reached this stage for both 
single and divided treatments.! These two 
isoeffect curves showed times of onset 
which varied fairly rapidly with the dose. 
Thus the effect of reasonable ch anges in 
the dose could be demonstrated bv asso- 
ciated changes in the times of onset. 

|t this were not true, an RBE effect could, 
of course, be masked. For instance, if the 
time of anset of the 2+ for 1,000 rads we 
very near the time for 1,500 rads, a differs 
ence in the effect of the cobalt 6o gamma 

radiation cor responding to a change of; 
few hundred rads in x radiation might not 
be apparent. For the cobalt 60 en. [2500 
rads, single and also divided, were the only 
doses used. Reports in the literate! have 
shown the biologic effects to be about as 
sensitive to change in dose for cobalt 60 
gamma n as for x radiation at this 
dose level. The Appendix in the present 
report cescribes an arithmetical analysis 
of ese isoeffect curves. 

Lower doses of 360 rads of the x radia- 
tion were given in single and divided doses. 
However, the incidence of 2+ cataract was 
too low to be used in the above isoeffect 
curves. Fight of 23 animals developed 14- 
or greater cataracts 1n 49 weeks; 2 of these 
were 2-- and none was more advanced. In 
the divkled group only 1 of 18 animals de- 
veloped a 1+ or greater opacity in this 
time. Observations after this date were not 
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used because of the appearance of senile 
lens changes. In a group given 100 rads in 
a single dose, no radiation cataracts ap- 
peared before the incidence of senile 
changes, at 95 weeks. 

It would appear therefore that a single 
dose of 360 rads 1s definitely cataractogenic 
for this species. Dividing the treatment 
definitely lowered the incidence. A dose in 
the range of 100 rads did not result in 
significant lens opacities. 


RESULTS 


The results in terms of the number of 
weeks at which ṣo per cent of the animals 
were at, or higher than, each of 4 given 
stages, are shown in Tables 1 and 11. Table 
I compares the results of the probit analy- 
sis for the single treatments of x and cobalt 
60 irradiation. The 95 per cent fiducial 
limits overlap very decidedly for these 
qualities of radiation, especially for the 
3+ stage. There is thus no significant dif- 
ference between the two energies of radia- 
tion at the 1+, 34- or 4+ stages. 

For the 1959 x ray group there were good 
data, on this basis of separate stages, only 
for the 2-+ category. This does overlap the 
cobalt 60, while the 1960 group just misses 
overlapping, in a direction which would 
give an RBE greater than 1. From these 
results there cannot be said to be, in gen- 
eral, any significant difference between the 
two modalities of radiation. 

Table 11 gives results of corresponding 
processing of the data for divided irradi- 


ations. Here the onset of the biologic in- : 


jury was slower. It had not been decided 
to use the separate stage method of analy- 
sis at the time and there are not always 
enough observation points to give good 
curves at each cataract grade separately. 
For the Grade of 1+ or over, the x ray 
group reaches the 50 per cent value earlier. 
There were not enough data to give a good 
curve at Grade 2+ for the cobalt 60, For 
the Grade 3+ the cobalt 60 reaches the 
ṣo per cent value earlier, the opposite of 
the Grade 1+ result. For Grade 44- the 
limits overlap. From these results also, no 
general difference between the two energies 
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TABLE [ 
RESULTS OF PROBIT ANALYSIS, SEPARATE CATARACT i 


STAGES, SINGLE TREATMENT, 1,500 RADS 





Per Cent of 1+ or Greater Cataract 


Weeks for 50% 14.7 | 
95% Fiducial Limits 13.9-18.5 | 
(weeks) 
Chi Square 1G oy a 
Degrees of Freedom (7) 
Probability >0.05 





Per Cent of 2+ or Greater Cataract 
Xray | Xray | Cobalt 
(1959) | (1960) 6o | 


Weeks for so% ere, 20.7 19.1 
——À- 
95% Fiducial Limits |19.7-21.3|20.1-21.5|18.3-19.9 
(weeks) 


Chi Square 9.8 8.1 0.3 
Degrees of Freedom (11) (s) (4) 
Probability >0.5 >o.1 70.98. 


Per Cent of 34- or Greater Cataract 












Weeks for 50% 


95% Fiducial Limits 
(weeks) 






Chi Square 
Degrees of Freedom 


Probability 


Weeks 50% 


95% Fiducial Limits 
(weeks) 





Chi Square 
Degrees of Freedom 


Probability 
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RESULTS OF PROBIT ANALY SIS, SEPARATE CATARACT 
STAGES, DIVIDED TREATMENT , 1,800 RADS 





Per Cent of 14- or Greater Cataract 


X ray Cobalt 6o 
Piece! for 50% 17.1 20,8 
98% Viducial ae |16.4-17.8 | 19.3-21.1 
pue j 
C hi Sq uare = ae 1j O.R 
d of Freedom (09) (8) 
Probability 20.04 


290.909 


Per Cent of 24- or Grub Cataract 


X Ray |! Cobalt 60 
W Weeks for sot oa ME 
95% p RS T imits |36/3-95,3-1 
(w PERS) | | 
Chi Square | 11.2 | 
eiie of Freedom | (12) | 
Probability 20 E 
Per Cent TR +o or TAM Cataract 
X: ray “Cak 6o 
W ichs for r 50% 0 52,9 | A353 
95% E mm pnis | 36.0-38.6 | 31.8-34.4 
(weeks) | | 
Chi Square | 9:3. | 1644 
Degrees of Freedom | (9) | (11) 
Probability 20.1 E 


X Riy | Cobalt 6o 
Weeks for 20€; 43.8 | 45.4 
9596 Viducial Limits | 42.2-46.8 | 44.1-46.g 
WERE) | i 
Chi Square | pu 4 4.8 
x M : NEUE dash 
Degrees of Freedom | (13) | (8) 
Probability DOHEYo 4 97 
i 
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of radiation could be demonstrated. 

If the classifications of I+, 2+ etc. are 
considered as real numbers, an “aver: ige" 
can be obt: uned for the group as a whole, 
The "average" for the group at each time 
of observation can then be plotted as a 
function of the time after treatment. The 
pitfalls o? such an arbitrary assignment of 
numbere: values to biologic data have 
been discussed.! However, for the purpose 
of comparison of data and estimation of 
relative etects this approach was also tried. 

The dzta of the two single doses of x 
radiation of 1959 and 1960 were considered 
a replicate experiment, because of results 
stated above, and therefore were pooled to 
give 1 x riv curve, This is shown in Figure 
3, with the cobalt 60 results for comparison. 
The curves themselves were determined by 

probit analysis, using the "average" of 4+ 
as 100 per cent. The vertical lines on the 
points for the cobalt 60 curve are the 
standard errors, which give an estimate of 
the variability within the group of the 
degree of cataract production at anv one 
observation date. 

The numerical results of the analvses 
are given in the first part of Table tm. The 
weeks for an "average" cataract of 2 2, 

which corresponds to the ço per cent v lue 
in a probit analysis, are very close. The 
hducial limits overlap throughout almost 
the whole band, and there is thus no differ- 
ence demonstrated between the two qual- 
ities of radiation by this method. 

The second part of Table 11 gives the 
E for pue divided treatments, Bean 
irri: ae no eA DM 
T eN between 1,500 rads of x radiation 
or of cobalt 60 gamma radiation on this 
divided senedule. 

Nonsigrificant differences were thus 
found between the cobalt 60 gamma ray 
and the x ray results within the 95 per 
cent fiducial limits for most of the separate 
stage data, and for all the “average” curves. 
Ít is, therefore, reasonable to estimate the 
us bi Xogic effectiveness as unity. 

Variables such as dose distribution, dose 
rate, biologic effect, and irradiated tissue 
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"AVERAGE" CATARACT 
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WEEKS AFTER LAST DAY OF IRRADIATION 
1500 RADS SINGLE 


Fic. 3. A comparison of the pooled x ray results and the cobalt 60 experiments with single treatments. The 
points are for the gamma radiation of cobalt 6o. The points for the x ray curve are not drawn since they 


would overcrowd the figure. 


were the same or verv close for the two 
qualities of radiation. Thus any difference 
in the RBE would probably have been due 
to differences in the linear energy transfer 
(LET). The mean LET of the primary x 
ray beam was approximately 1.8 kev. per 
micron in water, and that of the primary 
cobalt 60 radiation about 0.27 kev. The 
part of the RBE which depends on the 
LET is called the quality factor (QF). In 
the present experiment therefore, the QF 
also was estimated to be unitv. Svstematic 
errors in dosimetry and the conversion 
factor for absorbed dose are estimated to 
affect the accuracy of the stated dose bv 
about +4 per cent. A method of analysis of 
error for the RBE is given in the Appendix. 


SUMMARY 


The relative biologic effectiveness of 
cobalt 60 gamma radiation of 200 kvp. x 
radiation at a half value layer of 1.0 mm. 
copper was determined for the induction of 
cataracts in rats. Groups of 25 to 30 ani- 
mals were used for each qualitv and quan- 
tity of radiation. Single and divided doses 
of 1,500 rads of cobalt 60 radiation were 
compared with the same dose and treat- 
ment time for x radiation. The animals 
were examined before exposure and every 
few weeks thereafter. 

Statistical analvsis of the results showed 
no significant difference between the two 


energies of radiation. Therefore, in this 
study the RBE was unity for cobalt 60 
gamma radiation compared to 200 kvp. x 
radiation for the induction of cataracts in 
the rat lens at a dose of 1,500 rads with 
single or divided treatments as described. 
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RESULTS OF PROBIT ANALYSIS: “AVERAGE CATARACTS 


Szugle Treatment, 1,500 rads 


Chi Square 


| Xray | Cobalt 6o 
i i 
Weeks for 2-- Cataract = 21.4. | — 21.7 
955 Viducial Limits | 20.6-22.2 | 20.$-22.9 
(weeks) | | 
| cue 1 a 
Degrees of Freedom | (30) | (11) 
Probabilitv | 20:7 | 20.99 


Divided Treatment, 7,500 rads 








Weeks for 2+ Cataract | GG... Bose 
ve Sesh tule sl haat ae ed E ae sae ! = stint cata on amie SEA a 
9595 Fiducial Limits Be ens ice 2052009. 4 
Chi Square p 19.2 90.8 
Degrees of Freedom | (23) | EI 
$$ EE ane 
Probability | SOR qd Os 
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APPENDIX 


The error of the RBE estimate has been 
obtained by utilizing the data on the sev- 
eral doses of 250 kv. x rays; soo, 1,000, 
1,500, and 2,000 rads, given in single and 
divided forms; and the one dose for cobalt 
60, 1,500 rads, given in single and divided 
form, Cataract development was measured 
from the data by a probit analysis of in- 
crease in incidence with time at a specific 
stage of cataractogenesis. There were us- 
ually four points for the analvsis at each 
level of dosage, and only those probit lines 
were accepted which met the appropriate 
Chi-Square criterion for goodness of fit 
(Table 1). 

For the error of the RBE, isoeffect curves 
as described above and in the former pub- 
lication! were obtained by plotting the log 
of the dose in rads against the log of the 
time at which £o per cent of each group had 
reached the given cataract stage (Tyg). 
The probit technique provides values for 
the latter parameter (To), as well as the 
variances for these parameters. The iso- 
effect curves are essentially linear over the 
range of dosage considered. 


isoeffect line was precisely balanced for the 
rehability of each point involved. 
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Fror the least squares isoeffect line, the 
variance of log time for the line was com. 
puted at 1,550 rads. The square root of 
this variance, equivalent to the standard 
deviation of log tss at 1,500 rads, was added 
to and subtracted from the log Tv. The 
log doses corresponding to these upper and 
lower values were then calculated using the 
equation for the isoeffect line. After trans. 
forming from log dose to dose, the differ- 
ence in dose was taken as the “uncer- 
tainty” in the dosage, that is, the range of 
dosage which gave, within the limits of 
experimental error, the same Tso. Here, 
experimental means biologic error plus 
variability of the observer's grading of a 
Cataract, 

The computations described above for 
the errcr of the RBE associated with x 
radiation were repeated for cobalt 6o. 
Since co salt 60 was used at 1,500 rads only, 
it was necessary to assume that the iso- 
effect line for cobalt 60 would have been 
parallel to the x ray isoetfect line in the 
region of 1,500 rads. As mentioned above, 
other irvestigators" have shown x rav 
dose changes in this range to have about 
the same sensitivity as cobalt 60. In the 
present experiment, dividing the dose made 
the same difference for cobalt 60 as for x 
ray, 

Thus an isoeffect line for cobalt 60 was 
postulated by passing it through the 
cobalt 6o point at log 1,200 rads, log Tso, 
with a slope equal to that of the isoeffect 
line for x rays. The variance associated 
with the constructed isoeffect line was 
taken as the variance for the Tyo; param- 
eter derived from the probit analvsis for 
cobalt 6o. The upper and lower limits for 
log Tic; were then found and the corre- 
sponding range of dosage calculated simi- 
larly to that for the x radiation parameters. 

Finally, with the estimated "experi 
mental errors" in dose for both x rays and 
cobalt 6o, the error in the RBE was ob. 
tained from the equation: 

Apa | p 
B E | A 


Error = 
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where a and 4 are the "errors" for x ray 
and for cobalt 60 as calculated above, and 
4 and B are both equal to 1,500 rads. 

Since the doses also contain a dosimetry 
error of 4 per cent apart from the experi- 
mental variance which has been described 
above, this error was squared and added to 
the experimental variance to provide a 
more conservative figure for total variance 
due to dose. 

The analysis as outlined was performed 
at those stages of cataract development at 
which there was a good cobalt 60 point and 
at least 3 good x ray points at different 
dosages. This was possible for the 3+ 
stage with the divided doses, for which the 
error for the RBE of unity was 6 per cent; 
the 1+ stage with divided doses, for which 
it was 16 per cent; and the 2+ stage with 
the single irradiations for which it was g 
per cent. The data for the 2+ and 3+ 
stages are considered more valid since the 
accuracy of observation of the earliest 
development of cataract at the 1+ stage is 
less definite. 


REFERENCES 


I. Bera, N. O., and Linporen, M. Relative biolog- 
ical effectiveness of Co® gamma radiation and 
200 KV roentgen HVL 0.93 mm Cu with late 
necrosis of rabbit brain as test system: pre- 
liminary report. Acta. radiol., 1959, Suppl. 188, 
41753. 

2. Coaan, D. G., and Donatpson, D. D. Experi- 
mental radiation cataracts. I. Cataracts in 
rabbit following single x-ray exposure. Arch. 
Ophih., 1951, 45, 508—522. 

3. Cocan, D. G., DonaLpbsow, D. D., Gorr, J. L., 
and Graves, E. Experimental radiation cata- 
ract. III. Further experimental studies on xX- 
ray and neutron irradiation of lens. 4.M.A. 
Arch. Ophth., 1953, 50, 597-602. 

4. Focut, E. F., Merriam, G. R., JR., SCHWARTZ, 
M., VELASQUEZ, J., and McNeil, D. Method 
of radiation cataract analysis and its uses in ex- 
perimental fractionation studies. Radiology, 
1966, 87 ? 465-474. 

$. Haut, E. J. Relative biological efficiency of x- 
rays generated at 220 Kvp and gamma radia- 
tion from cobalt 60 therapy unit. Brit. 7. 
Radiol., 1961, 34, 313-317. 

6. International Commission of Radiological Units 
and Measurements: Report of the ICRU. 
National Bureau of Standards Handbook, 78, 
1959. 


Cataract Induction 79 


7. International Commission on Radiological Units 
and Measurements: clinical dosimetry. Na- 
tional Bereau of Standards Handbook, 87, 1963. 

8. KnouMzn, J. S. RBE and quality of electromag- 
netic radiation at depths in water phantom. 
Rad. Research, 1965, 24, 547-562. 

9. LEINFELDER, P. J., and Kerr, H. D. Roentgen- 
ray cataract: experimental, clinical, and mi- 
croscopic study. Am. F. Ophth., 1936, 19, 739- 
756. 

Ic. Loxen, M. K., BEISANG, A. A., Jounson, E. A., 
and Mosser, D. C. Relative biological effec- 
tiveness of Co gamma rays and 220 Kvp x- 
rays on viability of chicken eggs. Rad. Re- 
search, 1960, 12, 202—209. 

II. Merriam, G. R., JR., and Focut, E. F. Clinical 
study o? radiation cataracts and relationship 
to dose. AM. J. RoENTGENOL., Rap. THERAPY 
& NucLzar MED., 1957, 77, 759—785. 

12. Merriam, G. R., JR, and Focut, E. F. Clinical 
and exp2rimental study of effect of single and 
divided doses of radiation on cataract produc- 
tion. Tr Am. Soc. Ophth., 1962, 60, 35—52. 

13. Merriam, G. R., Bravati, B. J., BATEMAN, J. L., 
Rossi, H. H., Bonn, V. P., Goopman, L., and 
Focut, E. F. Dependence of RBE on energy 
of fast neutrons. IV. Induction of lens opacities 
in mice. Rad. Research, 1965, 25, 123-138. 

I4. Riker, E. F, Evans, T. C., Ruopy, R. B., 
LEINFELDER, P. J., and Ricuarps, R. D. Rel. 
ative biological effectiveness of fast-neutron 
and x-rediation. Radiology, 1956, 67, 673-684. 

1g. Ritey, E. F., Ricganps, E. D., Evans, T. C., 
and LgrNwrELDzn, P. J. Effect of fractionating 
cataractogenic doses of neutrons and x-radia- 
tions. Rad. Research, 1957, 7, 446. 


16. Rivey, E. F., Evans, T. C., Ricnanps, R. D., 
and LEINFELDER, P. J. Radiation cataract 
studies. Rad. Research, 1960, 12, 466. 

17. SiNcLAIR, W. K., Guwrer, S. E., and Cots, A. 
RBE of 200 KVP x-rays, Co gamma rays 
and 22 Mevp x-rays, determined from dose 
survival curve of saccharomyces cerevisiae. 
Rad. Research, 1959, 70, 418—432. 


18. SiNcLAIR, W. K. Relative biological effectiveness 
of 22-M svp x-rays, cobalt 60 gamma rays, and 
200 Kv» rays. I. General introduction and 
physical aspects. Rad. Research, 1962, 16, 336- 
343- 

Ig. STORER, J. B., Harris, P. S., Furcuner, J. E. 
and Lancuam, W. H. Relative biological ef- 
fectiveness of various lonizing radiations in 
mammalian systems. Rad. Research, 1957, Ó, 
188—288. 

20. Upron, A. C., CunisrENBERRY, K. W., and 
Furry, J. Comparison of local systemic ex- 


posures in production of radiation cataract. 
A.M.A. Arch. Ophth., 1953, 49, 164-167. 


8o 


21. Urrow, A. C., Conte, F. 


t2 
bo 


Focht, Merriam, Schwartz and Parsons 


| P., Hurst, G., S., and 
Mires, W. A. Relative biological effectiveness 
of fast neutrons, x-rays, and gamma rays for 
acute lethality in mice. Rad. Research, 1966, 
4, 117-131. 


. Urros, A. C., CunisreNBERRY, K. W., Mer. 


VILLE, G. S., Furrs, J., and Hurst, G. S. Rel- 
ative biological effectiveness of neutrons, x- 
rays, and gamma rays for production of lens 
opacities: observations on mice, rats, guinea 


pigs, and rabbits. Radiology, 1956, 67, 686- 





]JaNUvAaRY, 1968 


Oost, 


23. Upron, A. C., Curisrennerry, K. W., ELLIOTT, 


KR. J., and Sprout, J. A., Ja. Comparison of 
acute and chronic gamma irradiation on in- 
duetion of lens opacities in mice. Kad. Research, 
1917, 7, 457-458. 


24. VON SALLMANN, L., Topias, C. A., ANGER, HL O., 


Werca, C., Kimura, S. F., Munoz, C. M, 
and DnuxGis, A. Effects of high-energy par- 
tieies, X-rays, and aging on lens epithelium. 


TN 


Vou. 102, No. t 


POSITIVE SCINTIGRAPHY OF TUMOR BY MEANS OF 
INTRA-ARTERIAL INJECTION OF RADIO- 
IODINATED MACROAGGREGATED 
ALBUMIN (MAA)* 


By MASAO KANEKO, M.D., TSUNEO SASAKI, M.D., and CHOICHIRO KIDO, M.D. 


NAGOYA, JAPAN 


OSITIVE scintigraphy is not always 

successful in delineating neoplasms. 
At present it is used clinically in. brain 
lesions, in certain thyroid carcinoma metas- 
tases and in certain lung tumors.? Some- 
times radiolodinated human serum albumin 
produces a positive scintiscan,® but this 1s 
unusual. 

[?".MAA  (macroaggregated | albumin) 
was first devised by Benacerraf eż al! and 
later applied by Taplin e? 4/7? to demon- 
strate the distribution of pulmonary circu- 
lation bv intravenous injection. We re- 
ported our method in a previous paper 
concerning cases of pulmonary cancer, 
where scanning was repeated dailv after 
introduction of radioiodinated MAA into 
the arteries of areas in which the possi- 
bility of neoplastic disease was suspected. 
During the daily scanning, the intensity 
of radioactivity diminished more rapidly 
from non-neoplastic tissue than from the 
neoplasm, Finally the area of neoplastic 
tissue became much more prominently 
demonstrated, because it retained the 
radioiodinated MAA much longer. The 
importance of repeated scanning is thus 
clearlv shown for the differentiation. be- 
tween neoplastic and non-neoplastic dis- 
ease. This finding suggested to us that its 
use in other neoplasms should be investi- 
gated. 


MATERIAL AND METHOD 


Fifty-five subjects with various diseases 
were studied. Forty-four had neoplasms 
and 11 were non-neoplastic. The diag- 
nosis in all was proven by operation or 
histologically, except 2 cases of pancrea- 


titis and a normal subject. The material is 
summarized in Table 1. 

Percutaneous selective arteriography was 
performed by means of Seldinger's tech- 
nique using Odman’s catheter (KIFA), 
red, green or yellow, according to the vari- 
ous arteries catheterized. I?-MAA, 25 u 
in size and 100 pe per mg. (made bv 
Daiichi Pure Chemicals Co., Ltd., Japan), 
was injected into the arteries through the 
catheter. Attempts were made to inject 
branches of artery that included the vascu- 
lar bed of the tumor or region of interest. 

The carotid artery was directly punc- 
tured upstream from a brain tumor or 
maxillary cancer and I?.MAA was in- 
jected through the needle. Bronchial arte- 
ries were catheterized with the red cath- 
eter for lung tumors. The other arteries 
were catheterized as follows: the celiac 
artery for liver, pancreas and stomach 
cancers; the superior mesenteric artery 
for pancreas and colonic tumors or mesen- 
teric lymph node metastasis; the renal 
artery for renal tumors; the inferior mesen- 
teric artery for rectal cancer and the inter- 
nal iliac arteries for cancer of the uterine 
cervix. Yellow or green catheters were used 
and JP -MAA was injected through the 
catheter. In most cases the dose was 250 
we for carotid and bronchial arteries, and 
too we for other arteries. One to £ mc of 
I-MAA of high specific activity (1,000 
uc per mg.) was injected in some cases. 
D9-MAA was also employed in the selected 
cases in order to make autoradiographic 
examination possible after removal of the 
specimen. 

Immediately after the injection the 


* From the Department of Diagnostic Radiology, Aichi Cancer Center Hospital, Nagoya, Japan. 
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Disease 


Neoplastic Disease 


Brain Tumor 

Maxillary Cancer 
Primary Lung Cancer 
Metastatic Lung Cancer 
Stomach Cancer 
Reticulosarcoma 
Primary. Liver Cancer 
Metastatic Liver Cancer 
Pancreas Tumor 
Mesenteric Lymph Node 


Cecal Tumor 
Renal Tumor 
Rectal Cancer 


Uterine Cancer 
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POSITIVE SCINTIGRAPHY IN VARIOUS DISEASES 


Arteries Injected with 
Radoiodinated MAA 


| Carotid Artery 

| Carotid Artery 

| Bronchial and Intercostal Arteries 
| Bronchial and Intercostal Arteries 
|! Celiac Artery 

| Celac Artery 

| Celiac Artery 

| Celiac Artery 

| Celac Artery 

| Superior Mesenteric Artery 
Metastasis of Stomach Cancer | 

| Superior Mesenteric Artery 

| Renal Artery 

| Inferior Mesenteric Artery 

| Internal Iiac Arteries 
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Scintigraphy 


Total 


Subtotal 
Percentage (54) 
Non-Neaplastic Disease 
Lung Abscess 
Duodenal Ulcer 
Splenomegaly 
Cholecystopathy 
Gall Stone 
Pancreatitis 


; Celac Artery 
| Celiac Artery 
| Celiac Artery 


| Celac Artery 


Cecal Adhesion 


Normal | Celiac Artery 


Subtotal 
Percentage (55) 


Tota! 


distribution of IPLMAA was ascertained 
by linear and area scanning. Scanning was 
repeated daily until the tumor was posi- 
tively delineated or for at least 2 weeks 
if this did not occur. After injection, non- 
radioactive iodine was given to saturate the 
thyroid gland. Urine was collected and 
measured for excreted free radioactive 
iodine. In the operated cases, the specimen 
was examined for the distribution of the 
radioactive materials, and the activity in 
normal and tumor tissues was compared. 


RESULTS 
In most of the cases of neoplasm, posi- 
tive scintigraphy was obtained. The results 
are summarized in Table 1. They are 


evaluated by a four category grading sys- 


> Bronchial and Intercostal Arteries 


| Celac Artery and Superior Mesenteric Artery | | r ud 


Celiac Artery and Superior Mesenteric Artery | » | 
| Superior Mesenteric Artery 
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tem: excellent (+++), if scintigraphy 
definitely delineated a neoplasm; fair 
positive (++), if scintigraphy revealed 
definite tumor uptake in a neoplasm but 
with slightly ill-defined borders or with only 
partial delineation; poor positive (+), if 
scintigraphy showed the activity over a 
tumor to be at least higher than over 
normal tissue; and wegative (—), if scintig- 
raphy showed the activity over the tumor 
to be equal to the background activity. 
Three cases of excellent positive scintig- 
raphy (+++) are illustrated below. 


REPORT OF CASES 


Case t. Female, 56 years of age, with diag- 
nosis of bronchogenic carcinoma. Right bron- 
chial arteriogram showed tumor vessels and 


we 
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age. (4) Right bronchial arteriogram. Tumor 
13. CB) Scintigram in frontal projection, made after the injec- 


hic. 1. Case 1. Bronchogenic carcinoma in a female, £6 vears of 


vessels and stains in the right hilar region ( 
tion of 250 uc PM AA into the right bronchial artery. (C) Scintigram in frontal protection, made on 7th 


day after the injection. An area of tumor is clearly delineated. (D) Scintigram in lateral view. 
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stains in the right hilar region. A dose of 250 uc 
of 19-MAA was injected into the artery, and 


its distribution was determined by scanning of 


the chest. The tumor was delineated on the 7th 
day after injection both in the frontal and later- 
al projections, and was superimposable on the 
corresponding shadow on the chest roentgeno- 
grams. This positive scintigram has not disap- 
peared 14 days after the injection (lig. 1, £- 


D). 


Case it, Male, 58 years of age, with diagnosis 
of gastric cancer. The tumor was situated on the 
lesser curvature in the upper body of the stom- 
ach. Celiac arteriogram showed slight increase 
of vascularity and tumor stains in the venous 
phase. 1?'.MAA was injected into the artery in 
a dose of ; mc, of higher specific activity. The 
tumor was positively scanned 77 vivo on the 3rd 
day after the injection. The higher radioactivity 
was even better shown in the tumor area of the 
resected specimen of the stomach (Fig. 2, .7- D). 


Case iit. Male, 63 years of age, with diagno- 
sis of cancer of the head of the pancreas, Celiac 


arteriogram showed no significant increase of 
A dose of 500 gc ot 


vascularity in the tumor. 
[?MAA was injected into the artery and the 
tumor was positively scanned on the 4th day 
after injection. The patient died on the 7th day 


due to severe jaundice, complicated by 
hemorrhage into the gallbladder and gastro- 
intestinal tract. Scanning of the removed 


pancreas at autopsy and macro-autoradiogram 
demonstrated higher radioactivity localized in 
the tumor area (Fig. 3, .7-D). 


Comment. The differential absorption 
ratio of neoplastic and normal tissues 
(comparison of counts per gram of each 
tissue) measured by well-type scintillation 
counter, was: 4.& times in hepatoma on 
2nd day; 10.8 times in stomach cancer on 
3rd day; 8.7 times in cecal tumor on 4th 
day; 6.4 times in cancer of pancreas on 
7th day; and 22.4 times in insuloma (islet 
adenoma) on 4th day. On the other hand, 
in the case of duodenal ulcer the activity 
was 6.8 times less in the ulcer than in the 
normal duodenum on 4th day after injec- 
tion. Most of the radioiodine was excreted 
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in the urine within 2 days. The amount 


was greztest on the 2nd day. 


DISCUSSION 


The retention of racdioiodinated MAA 
by many neoplasms appears to be of signif- 
icance for two reasons: possibility of detec- 
tion of the tumor and basic research into 

the peciliar vascularity of tumors which 
might lead to an improved therapeutic 
approach. 

In our non-neoplastic series, 8 of 11 cases 


were nezative (72.7 per cent) and the 
remaining were pseudo- positive (27.3 per 
cent). In the neoplastic series, owes eis 
only 2 of 44 cases were negative (4.5 per 


cent), aad all the others were positive 
(95.6 per cent). Leaving aside the one plus 
(+) group, 34 of 44 neoplastic cases (77.3 
per cent; were positive and thus the non- 
neoplastic cases could be differentiated 
from the neoplastic cases. 

By micro-autoradiographic technique, 
we have found large colloidal particles of 
[LMA in the capillaries adjacent to the 
tumor cells 3 davs after injection, when the 

capillaries in. the normal adjacent tissue 
were essentially clear. This finding suggests 
that the vascular drainage mechanism of 
colloidal particles in neoplasms 1s somewhat 
different from that in normal tissue. 


SUMMARY 


Selective arterial catheterization by Sel- 
dinger’s technique was performed in §2 

cases, apart from 3 cases of carotid artery 
puncture, followed by injection of radio- 
iodinated (I= or P5.) MAA in doses of 
250-500 uc (1-5 mc of higher specific ac- 
tivity) mto the arteries through the 
catheter or needle. 

Serial scintigraphy was made daily until 
the tumer became positively delineated 
from the surrounding normal tissue or for 
at least 2 weeks if this did not occur. 

In most of the cases of tumor, a positive 
scintigram was obtained. Non-neoplastic 
cases were essentially negative. Surgically 
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Fic. 2. Case rr. Gastric carcinoma in a male, 58 years of age. (4) Ce jac arteriograms. Slight vascular increase 
1 


in arterial phase ( 1), and tumor stains in venous phase (7 7). (B) Scintigram made after the injection of 
sme I?-MAA into the celiac artery. (C) Scintigram made on 3rd day after the injection. Only the tumor 
is positively scanned. (D) Scintigram of the resected specimen of the stomach. The higher radioactivity is 
clearly shown in the tumor area. 
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hig. 3. Case ii. Carcinom: a of the head of the pancreas in a male, 63 vears of age. (A) Celiac arteriogram 
No significant vascular increase in the tumor. (8) Scintigram made on 4th day after the : injection of £00 uc 
[MAA into the celiac artery shows positive scan in the region of he; ul of the pancreas ( 1 ). (C) Scintigram 
of the removed pancreas su perim posed on the roentgenogram (with soft ravs} of the specimen. (Dj Macro- 
autoradiogram of the sectioned pancreas shows higher radioactivity in the tumor area of the head of the pan- 
creas (7 
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I5 1964 Feindel e¢ a7? concluded that 
"there are certain defects common to all 
methods involving radioisotopes for the 
localization of intracranial lesions. Tumors 
in the midline and posterior fossa are not in 
general well detected. This is due partly to 
the low level of uptake in the types of tu- 
mors commonly found in these regions." 
In their paper they reported on approxi- 
mately equal results obtained using RISA, 
mercury 203, mercury 197 and radioneo- 
hydrin 197. Overton ef al? compared 
mercury 197 and mercury chlormerodrin 
203 in clinical brain scanning but stated 
that the search would have to continue for 
better brain scanning agents which would 
produce less radiation to the patient 
generally and to the kidneys in particular. 
Day ef al? tried to prepare and label with 
iodine 131 a specific localizing antibody for 
human brain tumors but their end product 
was not sufficiently specific to be of prac- 
tical use. Webber? described his experiences 
with technetium ggm but only discussed 
findings in normal subjects. Duggan et al? 
used arsenic 74 and radioalbumin with 
somewhat poorer results than those ob- 
tained with other agents. Takahashi ef al’ 
felt that they could differentiate meningio- 
mas, astrocytomas, glioblastomas and 
metastasis to the cerebrum in their scans 
with mercury chlormerodrit and mer- 
cury chlormerodrin 197. 
Neurosurgeons and neurologists, 
ever, have come to the conclusion that 
with this type of study, in which a greater 
concentration of the radioisotope in the 
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tumor or in adjacent necrotic tissue 1s de- 
sired, no real advantage is found over ven- 
triculographs and arteriography nor can 
these studies be dispensed with. In addi- 
tion, in the case of mercurial agents, 1t is 
pointed out that at best they are poten- 
tially harmful to the kidneys and are contra- 
indicated in patients with a clinical history 
of renal disease. As a result, recent investi- 
died in the field of brain scanning have 
been directed toward methods which de- 
D ite the distribution of the conserved 
vascular blood system and point up the 
presence of a hemorrhage, infarct or tumor 
by the negative area in the image obtained. 
Radioalbumin iodine 131 macroaggregates 
were first used for this purpose by Kennady 
and Taplint in dogs, with macroaggregate 
particles which varied in size from 10 to 100 


micra. They noted the possibilitv of un- 
toward results from damage to cerebral 
tissue but concluded that the circulatory 


system of the dog was quite different from 
that of the human being. At the same time, 
when they sacrificed the 6 animals at 2, 3 
and $ months after the intra-arterial i injec- 
tion De could find no gross Or microscopic 
alterations in the brain. Later, the same 
authors? reported on similar studies carried 
out in monkevs, again without subsequent 
clinical or histopathologic data of brain 
damage. They emphasized the need of more 
animal experimentation before emploving 
this method in human patients. This warn- 
ing came after Rosenthal? had already re- 
ported on his experiences. with the same 
method in 1$ patients who were all criti- 
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cally ill with various types of disastrous 
intracranial pathology. Although Rosen- 
thall concluded that this method revealed a 
hvpoactive area in the scan which corre- 
sponded to the site of the pathology and 
that his results were better than those 
obtained by "conventional" scanning, he 
could not know, of course, whether the 
method by itself was producing any patho- 
logic changes in cerebral tissue. 


MATERIALS AND METHODS 


We set out to investigate this factor with 
a rigid histopathologic control using rab- 
bits as the experimental animals. Our series 
included 3o animals with body weight be- 
tween 1,200 and 2,000 grams. They were 
guaranteed to be healthy on receipt from 
the animal farm and were observed for 
several davs before entering the experiment 
to be sure that there were no clinical signs 
of disease. Nonetheless, we eventually had 
to eliminate 2 animals from the series be- 
cause the autopsy revealed pre-existent, 
bilateral, nonspecific encephalitis, and 3 
others because they died during the opera- 
tive procedure. The effective number of 
animals was thus reduced to 25. 

When Rosenthall carried out the method 
with human patients he used 30-100 ue of 
human radioalbumin macroaggregates In- 
jected into the right carotid artery. We de- 
cided to employ § to to times this absolute 
dose in order to exaggerate the danger of 
macro- or microinfarcts, if indeed this possi- 
bilitv existed. 


ANATOMY 


In the course of our transoperative and 
postmortem dissections in rabbits we found 
that the right and left common carotid 
arteries arise from the aortic arch, follow 
an ascending course immediately adjacent 
to the trachea on either side, disappear be- 
hind and above the mandibular angle and 
enter a rudimentary circle of Willis at the 
base of the brain. Only 1 rabbit in this series 
had division of the common carotid artery 
into an internal and external branch. The 
circle of Willis was made up of very small 
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anastomosing arteries with hardly the 
gauge of a no. 27 needle. Nevertheless, 1n 2 
animals (No. 23 and 24) it proved to be an 
effective anastomosis between the middle 
cerebral arteries since the autoradiographic 
studies revealed an equal number of 
macroaggregate emboli in both cerebral 
hemispheres. 





OPERATIVE PROCEDURE 


After intravenous nembutal anesthesia 
(so to 125 mg.) we made a 3 cm. incision 
over the right sternomastoid muscle fol- 
lowing its anterior border. The right carotid 
artery was isolated using blunt dissection 
and avoiding blood vessel ligation. The 
artery was underlaid with a fine poly- 
ethylene tube. Purse string sutures were 
placed in adjacent facia and muscle layers 
to prepare them for closure over the punc- 
ture area. 

The  radioalbumin — macroaggregates 
were prepared in our laboratory and were 
made up of particles measuring 25 to $0 
micra in greatest diameter; each batch pre- 
pared was subject to microscopic control. 
The dose to be used was placed in a 1 to 2 
cc. volume in a § cc. syringe and the injec- 
tion of the carotid artery was effected using 
a no. 26 needle. The moment the needle 
entered the vessel, lumen blood surged 
back into the syringe and a slow injection 
(1 to 2 minutes) of the macroaggregates 
was effected. 

The animals were sacrificed at intervals 
which ranged from $ minutes to 10 days 
after the injection. If survival for more than 
2 hours was planned, the surgical wound 
was closed in anatomic lavers with almost 
no blood loss. In animals killed at periods of 
5 minutes to 2 hours, radioautographs gave 
equally good results. After 2 hours the 
macroaggregate activity diminished so 
rapidly that this procedure, for practical 
purposes, was negative. 

The time intervals used were determined 
so as to establish the distribution of the 
macroaggregate emboli by autoradiographic 
means (in animals sacrificed at 2 hours or 
less), to detect macro- and microscopic 
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data of necrosis, hemorrhage or inflamma- 
tory reaction in the brain tissue (which 
does not appear until about 10 or 12 hours 
after the onset of focal anoxia), and to 
detect clinical data of cerebral insuffi- 
ciency. It was decided that for this latter 
purpose a to day normal survival was 
more than sufficient and from the patho- 
logic point of view there seemed to be no 
purpose in delaving the animal sacrifice tor 
a period of months. 

The animals were killed with intrave- 
nous nembutal, the brain was removed in- 
tact within § minutes, sectioned into right 
and left halves and fixed in 10 per cent 
formalin in separate Jars for 12 to 24 hours. 
The tissue slices, labeled “right” and "left," 
were then processed as follows: 

Routine dehydration and embedding in 
paraffin blocks. 
The paraffin blocks are cut at 6 micra on 
the microtome and the slices mounted on 
standard slides. 
3. Routine hematoxylin and eosin staining, 
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4. After the last absolute alcohol bath, in- 

stead of passing to xylene, the slides are 

dipped in a 0.3 per cent solution of celloi- 
din in a t to 1 solution of ether-alcohol. 

The slides are dried in air for 24 hours. 

6. In the darkroom (use of a Wratten light 
permitted) the slides are covered with 
kodak NTB3 emulsion and immediately 
stored in a sealed black box tn a refrigera- 
tor at — §°C, for periods of 48 to 96 hours. 

7. The emulsion is developed in the dark- 
room with Kodak D- 19 developer and 
fixed with Kodak Fixer (general purpose, 
hardening). The developing time is 6 
minutes, The developer and fixer must be 
used at —4 to — 95°C, 

5. The slides are then washed in cold water 
for 1 hour. 
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Dehydration through alcohol at 96°C., 
absolute alcohol and xylene. 
10. Coverslips are fixed over the emulsion 
layer with resin. 
The slides are examined microscopically. 
RESULTS 
In the animals allowed to regain con- 
sciousness and live for periods ranging 
trom 6 hours to 10 days, no clinical signs of 
brain damage were noted. The 18 animals 
in this category were completely awake at 6 
hours ard moving about; thev were eating 
and drinking in normal fashion at 12 hours 
after surgery. Pupil size and reflexes were 
normal and equal in all animals before and 
atter surgery. 
There were no gross pathologic findings. 
In the animals killed at 2 hours or less, 
the microscopic examination by the auto- 
radiographs revealed the presence of mac- 
roaggrezate microemboli in a in 
both white and grav matter (Fig. 1, Æ and 
B) in all the cere sbral lobes but not in the 
cerebellum. In 2 of the 7 animals in which 
autorachographs were positive, the macro- 
aggregate distribution was bilateral and 
equal. In the other 5, it was limited to the 
side of injection. The distribution of the 


macroaggregates was not uniform in 1! 
plane, about 1 capillary in $0. being oc- 


cupied. Nonetheless, the distribution was 
apparen: dv uniform for practical purposes 
in normal brain tissue as seen 1n a 3 plane 
projection. 

In all animals, examination was made of 
multiple slides representing both cerebral 
and cerebellar hemispheres. At no time did 
we fini any microscopic evidence of 
anoxia or infarct. There was no hemor- 
rhage, necrosis or inflammatory reaction. 
In 3 animals, we performed Weil’s stain for 
myelin in tissue blocks from each cerebral 
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Fic. r. CZ and B) The microphotographs are from rabbit cerebral cortex and show the radioautog raphic image 


of microem boli of radioalbumin macroaggregates in an animal sacrificed 2 
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hemisphere and established that there was 
very little myelin in the rabbit brain but 
found the same quantitative and qualita- 
tive normal results in all tissues examined. 


CONCLUSIONS 


. Radioalbumin iodine 131 macroaggre- 
"mA were injected into Hic right carotid 
artery in 25 rabbits and immediately 
lodged in capillaries i in both the gray and 
white matter in one or both cerebral hemi- 
Dus 

2. The macroaggregates were prepared in 
our laboratories and their greatest diam. 
eter Panie from 25 to $0 micra. 

This procedure produced no clinical, 
gross s pathologic or microscopic alterations 
in the experimental animals. 

4. We believe that this method, if per- 
formed using macroaggregates of the same 
size as we have emploved, will not produce 
brain tissue damage And may well be 
utilized in human patients, 


Dr. Eduardo Murphy S. 
Hospital Santelena 
Querétaro 58 


México 7, D.F. 
México 
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SEQUENTIAL BRAIN SCANNING IN RADIATION 
THERAPY OF MALIGNANT TUMORS 
OF THE BRAIN* 


By ROBERT C. FLIPSE, M.D.,f MARIO VUKSANOVIC, M.D., and ERNESTO A. FONTS, M.D. 
MIAMI, FLORIDA 


HE worthiness of brain scanning as a 

screening procedure for neoplastic and 
other space-occupying lesions within the 
cranium has been well established. The 
selective increased uptake at the level of 
the lesion’ presumably depends upon the 
local hypervascularity or increased vascular 
permeability.^* Correlated with the clinical 
picture and additional diagnostic media 
(carotid and vertebral arteriography, pneu- 
moencephalography, etc.) brain scanning 
has exhibited a high degree of diagnostic 
efficiency short of craniotomy. 

It appears timely that, with the advent 
of simplified and perfected techniques of 
brain scanning and the absence of serious 
deleterious effects, the repetition of this 
study at short intervals be performed. This 
procedure becomes useful not only in detec- 
tion of the lesion but also as an index of the 
therapeutic response. The potential use- 
fulness of brain scanning in the planning of 
radiation therapy for intracerebral tumors, 
with the succeeding follow-up, appears to 
be gaining acceptance.? 


CLINICAL MATERIAL AND METHODS 


To further establish the place of syste- 
matic utilization of sequential brain scan- 
ning, 35 records of patients who had 
primary or metastatic tumor to the brain 
were analyzed. Table 1 reveals the distribu- 
tion of this clinical material. Thirteen pa- 
tients were treated for primary tumors of 
the cranium, and an additional 22 had 
metastatic lesions with a predominance of 
cancer of the lung and breast. All patients 
undergoing craniotomy had repeated brain 
scanning preceding the course of irradia- 
tion. It was thought of interest to compare 


the degree of abnormal uptake at the site 
of the known tumor location after surgery 
and to identify the abnormalities resulting 
from surgical manipulation itself (defor- 
mity, scarring, etc.). 

The scanning was repeated at the con- 
clusion of radiation therapy, and performed 
again at intervals of 3 weeks, 6 weeks, 2 
months, and 3 months thereafter. Simul- 
taneously, the clinical condition of these 
patients was critically evaluated. It was 
noted that adequate information was 
present to analyze clinical response and ob- 
serve changes in the sequential brain scans 
in 21 patients. 


TREATMENT 


In all patients with accessible tumors, 
craniotomy was performed to confirm the 
diagnosis or to achieve rapid decompres- 
sion when signs of rapid increase of intra- 
cranial pressure were apparent. Without 
delay treatment followed and consisted of 
conventional kilovoltage roentgen therapy 
with a half-valve layer of 2.75 mm. Cu and 
a focal skin distance of 50 cm. When the 
whole brain was included in the beam, the 
dose consisted of 3,500 rads minimum, cal- 
culated at the midplane, and spread over 
20 treatments (30 elapsed days). For more 
limited volumes, the dose was compara- 
tively larger than that described. 

In preference to conventional irradia- 
tion, the megavoltage treatment was ad: 
ministered with a cobalt 60 teletherapy 
unit at a source skin distance of 80 cm. In 
cases requiring irradiation of the entire 
neural axis, a combination of supervoltage 
irradiatior: to the cranium and conventional 
kilovoltage irradiation to the spine was 
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DIAGNOSIS IN 38$ PATIENTS CONSIDERED FOR 
IRRADIATION OF BRAIN TUMORS 
AFTER BRAIN SCANNING 


Primary Brain Tumors 
Proven histology: 
Astrocytoma---Well differentiated. ... 4 
Astrocytoma-—Poorlv differentiated. . 4 
Cerebellar sarcoma. i.e [ 
Ependymoma......0.00..0.0 00040006. i 
i 


Meningioma of right temporal lobe... 
No biopsy: 


"ouprasellar umor" ye ossepRPSaeh4 1 
Pineal Oni aS. vk lez] 1 
F3 
Metastatic ta Brain 
Carcinoma of the lung.............. T 
Carcinoma of the breast... iius. 3 
Malignant melanoma of skin. i... 1 
Renal carcinoma..............-... i 
Carcinoma of the colon.........-... 
Reticulum cell sarcoma. aa. i 
22 
38 
utilized. However, the dose delivered with 


supervoltage irradiation fluctuated from 
3,500 rads minimum midplane dose in 24 
elapsed days to ¢,s00 rads minimum mid- 
plane dose in 45 elapsed days. The place- 
ment of the portals for treatment plus the 
volume was mainlv governed by the lesion 
defined on the brain scans. The described 
irradiation has generally been well toler- 
ated; more or less complete epilation, erv- 
thema, and dry desquamation were fol. 
lowed bv regrowth of hair usually 3 months 
after the end of therapy. 


CLINICAL OBSERVATION AND FOLLOW-UP 
BRAIN SCANS 


An attempt to correlate the compiled 
data obtained through follow-up isotope 
encephalograms and the clinical response 
was made. Information procured through 
an analysis of these data is summarized 
in Table 11. There appears to be an ex- 
tremely high degree of correlation between 
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the brain scans and the clinical condi- 
tion of the patient following the course of 
radiation therapy. For example, in 18 pa- 
tients an objective and subjective improve- 
ment of the clinical condition after treat- 
ment wus observed. The brain scans in these 
patients indicated a decreased uptake in 3, 
and a reversion to "normal" in 1§ instances, 
compared with the pretreatment scans. In 
the 3 patients no ostensible changes were 
apparent in their brain scans at the level of 
the irra tated lesions. Two of these patients 
subsequently developed recurrence which 
was detected during the follow-up brain 
scanning procedures. These lesions were 
described as either being larger, or as new 
lesions. It is of interest to note that these 
changes preceded a clinical manifestation of 
recurrence by periods of davs to weeks. 
Converselv, when both the clinical condi- 
tion anc the appearance of the scan indi- 
cated an improvement, a late recurrence 
was detected in a single case 17 months 
after irradiation. These findings seem to 
suggest the usefulness of post treatment 
brain scanning even in estimating the 
prognosis. T hree patients who did not re- 
spond clinically to radiation therapy had 
follow-up brain scans in which either. an 
enlargement of the treated lesions or no ob- 
described. A single 
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CORRELATION OF CHANGES IN SEQUENTIAL SCANS AND 
THE CLINICAL RESPONSE TO RADIOTHERAPY 
IN 2i PATIENTS (FOL LOW-UP PERIOD FROM 


A FEW MONTHS TO 2 YE ARS) 
Clinically 


hup roved No Im p rovement 


BU ance m NN | 


Appearance o of AN 


a: 


| | Deere sect | | 
No Chaage Uptake or |! No Change; Worse 
ze | ze 
Normal | | 
Pu ist | $ 


* Subsequent recurrence in 2 patients, 
t Clinica! and isotope encephal lographic recurrence in 1 pa- 
tient 17 months after brain irradiation, 
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patient with biopsy-proven metastatic tu- 
mor to the posterior fossa had a normal 
brain scan prior to craniotomy, while the 
brain scan preceding irradiation was again 
reported negative for tumor, although 
changes derived from surgical manipula- 
tion were present. This patient has re- 
mained clinically well to the present time. 
In another patient with metastatic brain 
tumor, whose clinical condition deteriorated 
during the treatment, the brain scan ob- 
tained 3 weeks after initiation of therapy 
demonstrated a significant "worsening" of 
the appearance of the lesions, and therapy 
was discontinued. 

Ilustrative case. A 12 year old girl referred for 


brain scanning on April z, 196s, exhibited an 
abiormal uptake in most of the temporal and 
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the posterior parietal lobes (Fig. 1, 4 and $). 
The study was performed because she devel- 
oped left hemiparesis, nausea, vomiting, diplo- 
pia, and papilledema. When biopsy confirmed 
a diagnosis of ependymoma, she received radia- 
tion therapy to the entire neural axis. Both 
cranium and spinal cord were trradiated to the 
cauda equina, combining cobalt 60 teletherapy 
and conventional kilovoltage roentgen therapy 
in the previously described fashion. 

The voung patient became well, showing 
complete clinical remission, and her successive 
brain scans (Fig. 1C) also remained apparently 
"normal" over a period of a vear and a half 
after treatment. 

However, further scanning of the brain on 
September 14, 1966, disclosed an area of defi- 
nitely abnormal uptake (lig. 17). The abnor- 
malitv now appeared to be in the trontal lobe, 
anterior and inferior to the previously treated 





Fic. 1. (4) Frontal and (B) right lateral brain scans defining lesions due to increased uptake in the temporal 
and parietal lobes, preceding craniotomy for ependymoma. (C) One year later, following partial resection 
and radiation therapy. (D) À new area of increased uptake 18 months after treatment in the right postero- 
inferior portion of the frontal lobe indicates subsequently confirmed marginal recurrence. 
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lesion. Clinically, she complained of dizzy 
spells, nausea, and vomiting. 

Because of the rapid worsening of her clinical 
condition and papilledema, she promptly was 
subjected to a second craniotomy on Septem- 
ber 15, 1966. At this time a cystic-appearing 
tumor mass of gO cc. was evacuated from the 
anterior and inferior frontal region. 

Histologic examination of the specimen con- 
firmed recurrent ependymoma, which ex- 
hibited some alteration of the histologic pattern 
attributed to irradiation. 

She was recovering from her symptoms when 
last seen, 


SUMMARY AND CONCLUSIONS 


The isotope encephalogram obtained 
betore surgery and radiation therapy from 
patients with primary or metastatic tumors 
of the brain furnishes valuable diagnostic 
criteria to the clinician. The pretreatment 
brain scan may contribute data of diagnos- 
tic value, but its authentic usefulness in 
treatment planning surpasses other diag- 
nostic media by virtue of indicating the 
site and volume of the brain lesion to be 
irradiated. 

A high index of reliability of the follow- 
up brain scans in 21 irradiated patients in 
predicting new sites of growth was evident. 
During the clinical remission, the areas of 
increased uptake reverted to "normal" or 
appeared markedly "improved" as com- 
pared with the pretreatment scans. The 
follow-up scans gave the impression of being 
unaltered for a time in 2 patients who did 
not respond to treatment, and were defi- 
nitelv worse in a single case with no clini- 
cal improvement during therapy. 

The detection of recurrences after clinical 
remission invariably parallels the worsening 
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of the 1mage and pattern of the areas of up- 
take from a month to vears post treatment. 
It is interesting to note that irradiation of 
the brzin does not result in changes detec- 
table on brain scans of the surrounding 
structs res in the absence of tumor activity. 
The serial scanning using technetium ggm 
can be performed with equanimity, and the 
morbicity is nil. It is felt at this stage that 
the procedure is useful, and cumulative 
matenal conceivably will confirm that it 
is well indicated in radiation. therapy of 
neoplastic processes of the brain. 


Mario Vuksanovic, M.D. 
Radiation Therapy Division 
Jackson Memorial Hospital 
Miami, Florida 33136 
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DEMONSTRATION OF THE CHOROID PLEXUS 
WITH TECHNETIUM 99M BRAIN SCAN* 
By PERRY R. MANDEL, M.D., BRUCE I. SAXE, M.D, DAVID FAEGENBURG, M.D., and 
HAROLD CHIAT, M.D. 


MINEOLA, NEW YORK 





l^ ITS infancy, brain scanning provided 
information of inconsistent reliability. 
Techniques were crude by present stan- 
dards and the available radiopharmaceuti- 
cals, such as mercury chlormerodrin and 
I?! serum albumin vielded data statistically 
inadequate for good image quality. 

Improved scanning technologv together 
with newer agents, notably technetium 
99m, has resulted in a remarkably improved 
capability to demonstrate intracranial ab- 
normalities.? This advantage, however, 1s 
limited by the fact that, while the abnormal 
areas are revealed with greater claritv, 
certain normal structures previously un- 
recognized are now seen regularlv, and 
mav be a source of unwarranted concern to 
the unwary observer. 

The pharmacology of Tc" pertechne- 
tate has been the subject of Intensive and 
continuing investigation. It has been es- 
tablished that the agent does not diffuse 
into normal brain substance. Sites of in- 
creased concentration reflect either a dis- 
ruption of the blood-brain barrier, areas of 
abnormal vascularity or normal structures 
possessing great vascularity. One further 
mechanism, presently in the investigative 
stage, is that of active secretion of the iso- 
tope by discrete structures.‘ 

Since the advent of technetium ggm the 
appearance of normal vascular structures 
such as the sagittal, lateral and cavernous 
sinuses has been amply documented.*5 Far 
less emphasis has been placed on the 
choroid plexus, which frequently is re- 
recorded with spectacular clarity. It 1s the 
purpose of the authors to focus attention on 
this neglected structure which may be a 
potential source of false positive interpre- 
tation. 


MATERIAL AND METHOD 


Technetium ggm is commercially mar- 
keted in several forms. In addition to the 
original "open" column of molybdenum 
99, from which Tc" is eluted, a closed, 
pre-sterilized, pyrogen free system can be 
obtained. "Pre-milked", sterile calibrated 
Te? is also available. 

We are presently using a modified Picker 
3X2 inch sodium iodide crystal rectilinear 
scanner equipped with an experimental low 
energy, high efficiency, high resolution 721 
hole Brookhaven collimator!” The data 
blending technique is emploved.? Scanning 
is begun 20 minutes following the intrave- 
nous administration of 10 mc of Tc?*», We 
have not used potassium perchlorate as a 
blocking agent. The time required for each 
view is approximately 15 minutes. 


ANATOMIC CONSIDERATIONS 


The choroid plexus is composed of in- 
numerable villous projections of the pia 
mater, covered by a layer of ependyma 
and richly permeated by a fine network of 
arterioles, capillaries and venules. The 
volume and geographic extent of the 
choroid is highly variable, and even in the 
same incividual may differ greatly from 
side to side. For purposes of this discussion, 
the portion of the choroid contained within 
the lateral ventricles is of primary impor- 
tance. Situated lateral to the midline, this 
segment of the choroid arises at the fora- 
men of Monro, where it is contiguous with 
the choroid of the third ventricle. It then 
courses posteriorlv along the floor of the 
lateral ventricle to the atrium, at which 
point it enlarges in bulbous fashion to form 
the glomus. The choroid then dips an- 


* From the Department of Radiation Therapy, Section of Nuclear Medicine, Nassau Hospital, Mineola, New York, 
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teriorly and inferiorly, and terminates in 
the roof of the temporal horn (Fig. 1, ,7-C). 

When viewed from the side, this choroid 
of the lateral ventricles has a "C" shaped 
configuration, a fact of considerable 1m- 
portance in its recognition on the brain 
scan. The choroid will rarelv appear as an 
isolated structure. Large vascular pools, 
such as the great vein of Galen, are usually 
superimposed on the glomus in the lateral 
view (Fig. 2, ¢-C). 

The main vascular supply of the choroid 
plexus arises directly from the internal 
carotid artery as the choroidal artery. The 
most posterior portion of the plexus de- 
rives its supplv from choroidal branches of 
the posterior cerebral artery and the 
superior cerebellar vessels. The venous 
drainage of the choroid is towards the 
foramen of Monro (the venous angle) and 
then posteriorly to terminate eventually in 
the vein of Galen. 


Ventricular System 


Choroid Plexus 





(4) Normal anatomic relation- 


Fic. ord. 
ships-anterior view. (B) Normal Tc??? 
scan-anterior view. (C) Normal dia- 
grammatic scan-anterior view. 
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This rich vascular network, possibly 
abetted by active secretion of Tc by the 
choroid, results in an enhancement of the 
counting rate throughout this area. Failure 
of the choroid to visualize on a repeat scan 
after the administration of perchlorate, 
which presumably blocks active choroidal 
Te?" secretion, aids in the differential 
evaluation. Similar information can be ob- 
tained bw failure to demonstrate the 
density on a repeat scan with mercury 
chlormesodrin.* Nevertheless, the general 
configuration and location of the choroid as 
perceived by the scanner are so characteris- 
tic that once seen it is unlikely to be mis- 
taken fcr anvthing else. 


SUMMARY 


With the advent of high resolution Tc??? 
brain scans, the apparently normal con- 
centration of activity within the choroid 
plexus i frequently visualized. The charac- 
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Fic. 2. (4) Normal anatomic relation- 
ships-lateral view. (B) Normal Tc? 
scan-lateral view. (C) Normal diagram- 
matic scan-lateral view. 


teristic location and configuration are de- 
scribed. Care must be taken to differentiate 
this density from a pathologic process. An 
awareness of its normal appearance should 
prevent erroneous interpretation of this 
structure. 


Perry R. Mandel, M.D. 
Department of Radiation Therapy 
Section of Nuclear Medicine 
Nassau Hospital 

Mineola, New York 11301 





REFERENCES 
1, ArkiNs, H. L. Practical modifications of rectilin- 
ear scanner. AM. J. ROENTGENOL., Rap. THER- 
apy & NucLEAR MeD., 1966, 97, 888-985. 
2. Curistie, J. H, Macintyre, W. J., FERBER, 
C.J., and Kine, R. L. Area recording and data 





H 
a 


6, 


blending in radioisotope scanning. Abstract. 7. 
Nuclear Med., 1965, 6, 333. 

Harper, P. V., Beck, Rọ, Cuarveston, D., and 
Lararer, K. A. Optimization of scanning 
method using Tc?9?*. Nucleanics, 1904, 22, $07 
54. 

Mack, J. F., Wesser, M. M., and BENNETT, 
L. R. Brain scanning: normal anatomy with 
technetium gom pertechnetate. 7. Nuclear Med., 
1966, 7, 633-640. 


. Skouxick, L. M. New technic in. radioisotope 


scintillation scanning to improve depth resolu- 
tion. Radiology, 1966, $6, 1108-1115. 

Wesser, M. M. Technetium 99m normal brain 
scans and their anatomic features. Am. J. 
RoevTrGENOL,, Rab. THerapy & NUCLEAR 
MED, 1965, 94, 815-818. 

Wircorski, R. L., Mavsan&g, C. D., JANEWAY, 
R., and Bearpen, E. K. Uptake of 99m Tc 


3 ;9 is 
APR P 


- 
“AY 





January, 1958 


THE ROLE OF RADIOTHERAPY IN THE MANAGE- 


MENT OF 


MALIGNANT TUMORS OF THE 


SALIVARY GLANDS* 


By J. G. STEWART, M.A., M.B., 
MANCHESTER, 


HE role of radiotherapy in the man- 
agement of malignant disease of the 
parotid gland has never been clearly de- 
fined. There are many references in the lit- 
erature to the effect that cure or long term 
control of parotid gland malignancy is de- 
pendent on adequate surgery. Much less 
credit is given to adequate radiotherapy. 
In a recent review evaluating histology 
verius prognosis by Patey ef aL, radio- 
therapy alone or as an ancillary treatment 
to surgery was given to some 66 per cent of 
the cases reported. This in itself suggests 
some doubt as to the adequacy of surgery 
alone. The authors throughout the text of 
this excellent paper make very fair com- 
ments on the contribution of radiotherapy. 
Patients enjoying long term control are 
divided fairly evenly between the groups 
treated by surgery plus radiotherapy, and 
surgery alone. Yet in their concluding sum- 
mary the only mention of management 1s, 
I quote: “correct surgical treatment of the 
primary tumour should cure most cases of 
muco-epidermoid cylindromatous and aci- 
nic cell tumours." This apparent bias to- 
wards surgical management arises, one 
presumes, from two factors: (1) The bad 
impression due to the very poor prognosis of 
patients already beyond any form of sur- 
gery who terminally receive radiotherapy; 
and (2) the diffculty of assessment of the 
contribution of radiotherapy versus surgery 
in combined treatments. 

It is in an attempt to evaluate the latter 
that a study has been made of all malignant 
tumors of the parotid gland which have 
been treated at the Christie Hospital during 
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Adenocystic carcinoma (cylindroma) be- 
cause of :ts rather different natural history? 
has been excluded from the main group and 
will be dealt with separately. Also excluded 
are all *umors of the reticuloendothelial 
system, as the merit of radiotherapy is not 
generally questioned in such cases (14 
cases). Malignancies subsequent to or 
associated with mixed parotid tumors are 
few in number and have only been admitted 
on definite histologic evidence of malig- 
nancy, There were 11 cases where the 
pathology was not obtained. These have 
been excluded. Also excluded are 4 cases 
reportec as sarcoma, 

Currently a review of histology is taking 
place to bring our own classification in line 
with the: of Foote and Frazell,! but as this 
is as vet incomplete a further histologic 
breakdown would be of little value at this 
time. This may not be the handicap that it 
might seem, for the lack of knowledge of the 
histology is the very problem that the 
surgeon has to face when making that most 
important first decision regarding surgical 
approach. It is generally accepted that to 
cut inte any parotid tumor 77 situ 1s to 
court disaster, at least as far as subsequent 
surgery is concerned. Thus preoperative 
biopsy # not indicated and the initial de- 
cision mrust be made on an intelligent guess 
as to what the histology will prove to be. It 
is one thing to state "correct surgery should 
cure," it is quite another thing to define 
"correct." Few surgeons relish the idea of 
sacrificimz the facial nerve, only later to 
find ther have removed a benign tumor. 
This pro»lem of initial decision is very real 
and at this time remains insoluble. 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
From Christie Hospital and Holt Radium Institute, Manchester, England. 
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I. CARCINOMA OF THE PAROTID GLAND 


Seventy-nine cases of carcinoma of the 
parotid gland remain in this study and 
have been classified under two broad cate- 
gories: Group 1, inoperable cases; and 
Group 2, operable cases. 

Group 7 (in all, 49 cases) includes: 31 
patients considered inoperable at the onset 
and who had only biopsy performed; and 
18 patients who had previous surgery 
followed by recurrence, and who were con- 
sidered beyond any further surgical ap- 
proach. 

High dose radiotherapy can only be 
given to relatively small volumes, and just 
as moderate extension prevents adequate 
surgery, sO gross extension precludes ade- 
quate radiotherapy. This group has there- 
fore been divided: (a) into those cases where 
tumor involvement was such that moder- 
ately high dose could be entertained (1g 
cases); and (b) those others to whom only 
the simplest palliative treatment could be 
given (30 cases). The results are given in 
Table 1. 

(a) Three cases in the more radically 
treated group are alive and well at 6+, 
7+ and 10+ vears respectively. In 9 cases 
the primary regressed and they remained 
well to death from metastases or intercur- 
rent disease. In the remainder, recurrence 
developed but 4 of these in the more radical 
group had good palliation, their tumors 
being controlled for 4+, 4+, 6, and 7+ 
years respectively. 
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(b) Simple palliative treatments gave 
some relief of pain but, with 3 modest ex- 
ceptions, there was no material benefit. The 
over-all picture in this group is depressing, 
but it must be realized that this is just as 
much a measure of the failure of surgerv as 
it 15 of the failure of radiotherapy. In fact, 
any salvage here must be classed as a 
modest feather in the radiotherapist’s cap. 

As has been stated, the adequacy of 
radiotherapy 1s intimately connected with 
the extent of tumor involvement, and one 
suspects that had the 18 cases who had 
previous surgery been referred for immedi- 
ate postoperative treatment, 7.e., when 
tumor involvement was minimal, the re- 
sults might have been a little more promis- 
ing. 

Group 2 {in 
cludes: 

(a) A small group of § cases, 1 of which 
had previous surgery plus radiotherapy, 
and 1 which had some preoperative radio- 
therapy. All had surgery. Four are well at 
ç, 10, 11 and 16 years. One died of intercur- 
rent disease, primary well, at 13 vears. 

(b) A second group of 6 cases which, fol- 
lowing surgery, being rated by the surgeons 
as potentially clear, had postoperative 
radiotherapy: § had radium needle im- 
plants, 1 had roentgen-ray therapy. Three 
are well at 10, 11 and 18 years. Three died, 
primary well, of intercurrent disease at 
7/12, 9/12 and 7 years. 

(c) The remaining 19 cases 


all, 30 cases) (Table 11) in- 


(Table 11) 


Tage I 
CARCINOMA OF PAROTID GLAND INOPERABLE 
49 Cases 


Biopsy only 31 cases; previous surgery failed 18 cases 
*3- Well 635, 5] toa years 
(a) Radical Radiotherapy Attempted 6 Died P. W. 2X «1, 1+, 2+, 2+, 34+ years 
to Died P. Rec. 4X «2, 2+, 2+, 4+, 44+, 6, 7+ years 
(b) Simple Palliative Radiotherapy Only 3 Died P. W. <1, 1+, 3+ 
27 Died P. Rec. 25 X «1, 24, 3+ 


* No surgery, biopsy only. P.W.= Primary well, P. Rec. Primary recurrence, 
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CARCINOMA OF PAROTID GEAND 


POTENTIALLY WELI. 


11 Cases 


poz 
OPERABLE AND POSTOPERATIVE 
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(a) § "o p previous surgery radiotherapy 1 preoperative EM 


AI iene by Surgery i Radiothenpy 


P.W.= Primary well. LC. = Intercurrent disease, 


following operation were rated by the refer- 
ring surgeons as potentially or definitely 
residual. Eight were treated by V-plane 
radium needle implantation (Fig. 1, 7 and 
B) to doses of 6,000-6,500 rads in 7 days. 
Eleven were treated by external radio- 
therapy over a dosage range of 4,000 rads 
given in 3 weeks with large fields to 5,800 
‘ads tumor dose in 3 weeks to smaller 
volumes. Ten patients are alive and well 
at 6, 7, 8, 9, 4X10, 11 and 14 years. Four 
died, primary well, of intercurrent disease 
at 8,9, 9 and 134- years. Three died, pri- 
mary well, of metastases at 11/12, 4$ and 
42 years. Two only died with primary dis- 
ease recurring. One of these had lymph node 
involvement initially and the other had 
recurrence in depth, and in retrospect the 
target volume selected did not cover the 
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4 Well at 5, 10, 1 
: Died P.W, I. C 1 vears 


3 Mell at 10, 11, 18 years 
3 Died P. W, I. C. did E 7 years 


pear that radiotherapy may have a very 
definite role in the management of these 
tumors and that a combined treatment, 
surgery plus radiotherapy at the outset, 
mav prove to be the optimum policy. The 
evidence, however, 1s not incontrovertible. 
The surzery only group is very small. This 
probably stems from the fact that the 


Christie Hospital is fundamentally a ra- 
diotherzpy center. If in consequence our 


surgical colleagues here feel that further 
proof is necessary, a clinical trial of sur- 
gery versus surgery plus postoperative ra- 
diotherzpy would be most welcome. 


“I, ADENOCYSTIC CARCINOMA 
(CYLINDROMA) 


Turnmg now to adenocystic carcinoma 
(cylindroma) the task of evaluating the 


role of radiotherapy, or for that matter 
surgery. in the management of these 


site of recurrence. 
Comment. On this evidence it would ap- 


Taste Ill 
CARCINOMA OF PAROTID GLAND 
OPERABLE AND POSTOPERATIVE 2ESIDUAL 
ig Cases 
Cases (1 case—-3 operations; 2 cases—2 oper rations; the remainder 1) 


All rated as jesus] postoperativ ely and treated with radiation 
(8—V plane implants; 11—externa! radiotherapy) 


io Well 6, 7 i? 8, 9, 4X10, TH, 
4 Died P. W., 1. C. 8, 9, 9: p years 
3 Died P. W., Mets. n. 4b 41 
2 Died p: Rec. 235, 3i 


14, years 


P.W.= Primary well, LC, Intercurrent disease, Mets, = Metastasis. P. Rec, Primary recurrence, 
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Fic. 1. V.plane radium needle implant to parotid gland. 


tumors is exceedinglv difficult, for the 
following reasons: 


1. The disease can extend over three 
decades or can lead to death within 
i year. This renders survival figures 
by themselves relatively meaning- 
less. 

Surgical accessibility and local radi- 

ation tolerance varies enormously 

from site to site, making it even more 
difficult to group cases for purposes 
of comparison. 

3. The general policy over the years has 
been that where tumor 1s accessible, 
surgery should play the primary role, 
radiotherapy being reserved for in- 
operable or recurrent cases. This 
makes the comparison of like with 
like impossible. 

4. The radiotherapeutic approach in 
respect of Target Volume, Technique 
and Dose has varied very consider- 
ably over the period in question, thus 
precluding grouping by treatment 
technique. 


t2 


To give, therefore, any estimate of the 
relative value of radiotherapy versus sur- 


(A) Anteroposterior and (B) lateral roentgenograms. 


gerv, 1t has been necessary to illustrate 
cases individually. This allows comparison 
between sequential treatments in the same 
individual and also some comparison be. 
tween sites of origin. In the records of the 
hospital up to 1962 there are in all 94 
cases where histologic diagnosis has been 
reasonably established. Some pre-1gs0 
cases of suspected adenocystic carcinoma 
where histology has not been reviewed 
more recently have been excluded. Two 
cases where the histology of adenocystic 
carcinoma was confirmed only during the 
course of the disease have been admitted. 
For the purposes of this study, interest 
has been restricted to the control of the 
primary growth and no attempt has been 
made to assess the management of secon- 
dary disease. 
trol of primary growth has been accepted 
as the criterion of success of treatment, and 
implies no progression of the primary 
growth during that period. Radiation doses, 
unless otherwise stated, are tumor doses 
in 3 weeks—1mplants in 7 days. In other 
cases the over-all time ts stated in days in 
brackets. 


|. £r. Stewart, A. VV, 
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PAROTID GLAND (lig. 2) 


The general picture 1s that of initial sur- 
gerv followed by radiotherapy on recur- 
rence. The honors with regard to control 
are shared roughly equally. It is interesting, 
however, that the duration of control ex- 
erted by initial surgery is frequently short 
and may compare unfavorably with sur- 
gery plus radiotherapy as the initial treat- 
ment. Case 11 illustrates an earlier. point 
with regard to natural history, This tumor 
was excised, recurred in 2 vears and then 
was subjected to radiotherapy at St. 
Bartholomew's Hospital, London in 1952 
with a somewhat uncertain dose, which 
produced remission for 14 years. The tumor 
recurred in 1947, at which time the histol- 
ogy was established. Several attempts 
were made to eradicate the tumor by sur- 
gery, with some control. The patient ulti- 
matelv died in 1960, 29 years from first 

treatment. The single plane radium needle 
implant in Case 13 compares unfavorably 
with the V-plane implants in Cases 17, 18, 
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Pig. 2. Cylindroma of parotid gland. 
ES.P.=Single plane implant. 
I V.P.- V.plane implant. 


and 19—the target volume perhaps was 
too small. Case t$ in isolation is also of 
interest. After 6 vears’ control by radiation 
the primary recurred, was perfused with 
methotrexate, and when last seen the pa- 
tient was still well at 9 vears. 


SUBMANDIBULAR GLAND (Fig. 3) 


Again initial surgery 1s 


disappointing, 
and where it fails it usually 


does so within 
oe, 
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Pie. 3. Cvlindroma of submandibular gland. SF = 
single field, given dose. 
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2 years. In Cases 26, 27, 28 and 29 control 
has been exerted by dosage ranging from 
6,000 rads in 3 weeks to as low as 4,500 rads 
in a similar interval. Case 27 in particular 
was quoted as “being beyond any form of 
surgery" at the time when roentgen.ray 
therapy was given. 


TONGUE AND FLOOR OF MOUTH (Fig. 4) 


The surgical result is good in Cases 31, 
32 and 33, and poor 1n Cases 30, 34 and 35. 


‘Case 30 had very radical surgery involving 


hemimandibulectomy but the lesion re- 
curred very quickly. Radiotherapy had 
some success: I long term control and 2 
cases controlled to death. Case 37 was 
treated by a tongue-pterygoid implant. 
This technique has now been superseded by 
external megavoltage therapy. 


TONSIL, FAUCES AND SOFT PALATE (Fig. 5) 


In a difficult site surgery appears to have 
done well, In Cases 41, 42 and 45 excision 
was carried out by surgical diathermy. 
Case 42 illustrates another facet of the 
behavior of this tumor. Following radio- 
therapy the tumor regressed to a small 
residue, and although then classed as re- 
current, was in fact static when the residue 
was removed by diathermy. This behavior 
after high dose therapy is not uncommon 
and more recently in patients who have 
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Fic. 4. Cylindroma of tongue and of floor of mouth. 
PT I=Tongue-pterygoid implant. G.S.I.= Radon 
seed implant. 
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Fie. 5. Cylindroma of tonsil, fauces and soft palate. 
I- Radon implant. 


not had surgical intervention on account of 
age, inaccessibility, etc. it has been found 
that such residues may remain static and 
symptom free for many years. This is a- 
useful poirt, particularly in the elderly or 

in patients already known to have metas- 
tases. The 2 cases with combined treat- 
ments have again done well. 


UPPER ALVEOLUS AND PALATE (ANTRUM 
CLEAR) (Fig. 6) 

Results here by comparison with other 
sites are sc good that one suspects that the 
nature of the tumor ts different. Although 
all these cases have been reviewed and 
classed as adenocystic carcinoma, it is in- 
teresting that there was some dubiety 
amongst the histologists regarding cases 
marked*. 


UPPER ALVEOLUS, PALATE AND ANTRUM (Fig. 7) 


With invasion of the antrum the prog- 
nosis is much worse. The tumor is not 
readily accessible to surgery, and in retro- 
spect local implantation by antral tube did 
not cover an adequate volume. Case 63 
may be somewhat misleading, in that a 
tumor of unknown histology was excised in 
1938, and it was only on recurrence 13 
years late- that the histologic diagnosis of 
adenocystic carcinoma was established. 
Radical surgery with immediate implanta- 
tion to the cavity was attempted, but the 
patient died of postoperative hemorrhage. 

A further feature of this tumor is its 
tendency to spread to the base of the skull, 
and unless this is prevented by adequate 


106 





J. G. Stewart, A. W. Jackson and 


M. K. Chew 





Jantary, 1968 





rM — —— ——— ———————— RR — 
LEE 17 (eR OT tr EP D Dre eet OR CLR PIRE Je 
i 
ET RLW eMe 
LL i 
SO SERBORAREEONGEUESNT SUCHESRUASKME ee 
* Si { 5 2 SOCCER ONE: 
| aaa alee eGR ele eee NSE mI MEE, 4 
ama a Sha i a t E atari I rri ar PAIR aaa nie aal Pg BB AE ya eee Eee LORRI PRA Pl p hh MP aa at prier i 5.750 
53 i $ EN A E E RAE aN LAE E 
5.750 
4 c RN 
T 750057 
+ i ———a———rw^?DLDL ns 
Rr ne ipm 
1M 6500 B 
sf TT m 
E T RT C ere pedis EUR C HE 
* T EEREREREEESET EET EET TEE PoPrcresirgpecfiikrrrciigi)grt M 9000 è V 
* so (CEE 5.000 
sENN 6. N: 
* ui ETERS! M 6000 
fer—ÁÓ——————á— M MM MPH AMI NHHIAH iH ty aaa | 
D 1 1 3 4 5 7 $ 3 ig H i1 


YEARS 


ric. 6, Cylindroma of upper alveolus and palate (antrum clear). IM = Radium implant plus mold. M = Mold. 


treatment initially, the radiotherapist finds 
himself at a considerable disadvantage due 
to the low radiation tolerance of adjacent 
brain. Be the initial treatment a combined 
treatment, or radiotherapy only, it be- 
hooves the radiotherapist to take generous 
volume to top tolerance dose. 


NASOPHARYNX (Fig. 8) 


Inaccessible to the surgeon, this remains 
a problem to the radiotherapist. In 3 
weeks, at 4 mev. quality, mid-brain toler- 





ance for small treatment volumes is of the 
order of §,000 rads. The temporal lobes 
will tolerate rather more, perhaps 5,300 
rads, bur again the optic nerve will not 
tolerate much over $,000 rads. Also the 
volume to be treated is frequently large, 
and a corapromise must be struck. In some 
cases illustrated doses tend to be low, and 
again im Cases 74 and 77 the reason for 
failure was almost certainly inadequate 
target volume. Once more it is a case of top 
dose to generous volume. The outlook is, 
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however, not entirely bleak. As can be seen, 
some of these tumors have been controlled 
from 3 to § years. 


OTHER SITES (Fig. 9) 


In the orbit, surgical exenteration fails 
because of perineural spread posteriorly. 
Likewise a local radium implantation as in 
Case 85 failed. Beam directed therapy con- 
trolled Cases 84 and 86 to death, and would 
appear to be the more appropriate treat- 
ment. 

Buccal lesions have done well after sur- 
gery. 

The first tracheal case died postopera- 
tively. The second, Case 92, had 3 attempts 
at surgical destruction: (1) endoscopic dia- 
thermy, (2) thyroidectomy which proved 
negative, and (3) a repeat of endoscopic 
diathermy to recurrence-—all in the course 
of 3 months. Thereafter radiotherapy was 
given and the patient remains well at 7 
years. 

The larynx case (aged 75 years at time 
of treatment) remains well at 4 years. 

The one case of primary lung cylindroma 
is interesting. At thoracotomy it was con- 
sidered inoperable, and biopsy only was 
performed. Three months after beam di- 
rected therapy, a biopsy via the broncho- 
scope showed degenerating adenocystic 
carcinoma. A further bronchoscopy over 
3 years later was completely negative. 
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Fic, 8. Cylindroma of nasopharynx. D= Diathermy. 
Eth. [= Ethmoid implant. 
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Fic. 9. Cylindroma of orbit, bucca, trachea, larynx 
and lung. [= Radium implant. 


CONCLUSIONS 


I. Ás this tumor may recur at any time 
up to 30 years, it Is inappropriate to talk in 
terms of cure even when the patient is well 
to 10 or 15 years. It is better perhaps to 
think in terms of Primary Control. 

2, Although certain authorities have sug- 
gested that this tumor is radioresistant, 
there is no doubt from the evidence pre- 
sented that primary control can be 
achieved by radiotherapy. [The numbers are 
too small to define optimal dose and vol- 
ume, but the results suggest that the tar- 
get volume must be generous and that the 
higher doses achieve longer control. 

3. Surgery has hitherto been accepted as 
the initia. treatment of choice, but its 
success may have been limited by the 
difficulty of obtaining adequate margins of 
clearance. Radiotherapy does not suffer 
from this disadvantage to the same extent. 
Both approaches have their own inherent 
advantages and are not mutually incom- 
patible. The few combined treatments in 
this series have been relatively successful 
and it may be that elective surgery plus 
radiotherapy should be more fully explored. 
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4. A large proportion of these patients 
die from metastases, and if initial treat- 
ment has any impact on the incidence of 
metastases, it might seem wise to try to 
obtain maximum sterilitv of the tumor at 
the earliest opportunity. This again might 
lead one to elective surgery plus radio- 
therapy, or even consideration of preopera- 
tive radiotherapy. The evidence presented 
here gives no lead, however, and this must 
be the subject of a further study. 


SUMMARY 


An attempt is made to clarify the role of 
radiotherapy in the management of car- 
cinomas of the salivarv glands. 

The paper is divided into two sections: 
L Carcinomas of the parotid gland (ex- 
cluding adenocystic carcinoma). 

II. Adenocystic carcinomas of all salivary 
glands and ectopic sites. 

In Section I a comparison is drawn be- 
tween the poor yet positive salvage of 
cases already bevond any form of surgery, 
and the much better results obtained in a 
group of cases deemed residual following 
operation, and given radiotherapy imme- 
diately postoperatively. 

In Section H the management of each of 
94 cases of adenocystic carcinoma is illus- 
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to site of occurrence. Primary control alone 
is analyzed and the relative merits of sur- 
gery and radiotherapy are discussed. From 
this retrospective analysis, 1t appears that 
radiotherapy has made a very positive con- 
tribution to the management of these 
tumors. 


J. G. Stews rt 

Christie Hospital and 
Holt Ractium Institute 

Manchester, England 
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SALIVARY GLAND SCANNING WITH 
TECHNETIUM 99M PERTECHNETATE* 


T 





By ARTHUR S. GROVE, Jr., M.D.,f and GIOVANNI DI CHIRO, M.D. 


BETHESDA, MARYLAND 


ECHNETIUM ggm pertechnetate 
(TPT) was first introduced as a 
tracer for brain and thyroid scintillation 
scanning by Harper ef a/l. in 1964. TPT, 
because of its favorable characteristics, 1s 
now widely used for detection and locali- 
zation of intracranial lesions.?:!2:15.16.28.24.26, 
#1,32,35,36,43 TPT and technetium ggm labeled 
compounds are also employed in the study 
of extracranial organs and their pathol- 
DE V, cen ee 
Attempts have been made to localize 
facial and cervical tumors with counting de- 
tectors, using radioiodine labeled tracers;??: 
*? phosphorus 32,7299? copper 64 labeled 
porphvyrins? and mercury 197 labeled chlor- 
merodrin.*®” Pictorial scans and scintiphoto 
studies (with a variety of isotopes) have 
been used to detect and evaluate extra- 
cranial head and neck lesions (Table 1). Of 
the agents used, technetium and iodine 
tracers specifically demonstrate thyroid 
anatomy. While iodide occasionally out- 
lines the salivary glands and tongue,™ in 
our experience only TPT is distributed in 


a consistently recognizable pattern within 
these structures. 


METHOD 


Sialography is frequently used for evalu- 
ating salivary gland structure and func- 
tion.^?* Sialograms only give direct infor- 
mation on the status of the duct svstem, 
however, and occasionally on the condition 
of the gland parenchyma. TPT scans, on 
the other hand, provide a method for 
studying primarily the parenchyma of the 
salivary glands. The present report is 
based on our preliminary experience in 
evaluating the normal and abnormal sali- 
vary glands and their neighboring struc- 
tures by TPT scanning. Our normal sali- 
vary studies have been carried out in 
concomitance with TPT brain scanning in 
patients suspected of harboring intra- 
cranial pathology. In our pathologic series, 
patients complaining of “dry mouth” due 
to non-neoplastic salivary abnormalities or 
systemic diseases, and patients with neo- 
plasms in or near the salivary glands, 
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PICTORIAL ISOTOPE DETECTION OF EXTRACRANIAL HEAD AND NECK LESIONS 





Isotope Tracer Form Organs and Lesions Evaluated References 

Se! Methionine Parathyroid, adenoma d r9 

Srs Chloride Paget's disease with facial skeleton involvement 21 

Tom Pertechnetate Thyroid 2, 15, 16, 41 

I: Iodide Thyroid 41 

ps lodide Thyroid, carcinoma SGA, 2G cA tas 

[s lodide Thyroid, carcinoma, adenoma, cyst, hemorrhage, — 1, $, 6, 28, 29, 34, 41 
inflammation 

ps Albumin (RISA) Carcinoma, sarcoma 18 

Hg? Chlormerodrin Carcinoma, lymphoepithelioma, angiofibroma, 20, 37; 38 


sarcoma, "eye tumors" 


* From the Section on Neuroradiology, Medical Neurology Branch, Nationa! Institute of Neurological Diseases and Blindness, 


National Institutes of Health, Bethesda, Maryland. 
t Clinical Associate, Section on Neuroradiology. 
f Head, Section on Neuroradiology. 
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Fic. 1. G7) Normal anterior technetium 99m per- 
technetate (TPT) salivary scan showing parotid 
glands (1), submandibular glands (2), oral cavity 
(3), and nasal cavity. (4). (B) Normal anterior 
TPT salivary scan after mouth rinsing, Parotid 
glands (1) and openings of Stensen’s ducts in the 


mouth (1). 
have been evaluated bv TPT salivary 
scanning. In some patients with tumors, 
multiple scannings with different tracers 
were carried out in order to help to deter- 
mine the pathologic diagnosis or the ex- 
tent of the lesions. In several patients 
sialographv was also carried out. 

In most of our adult patients we have 
used a dose of 1 mc, while only sco uc are 
sufficient in younger subjects weighing less 
than 30 kg. The TPT has been injected 
intravenously. Thyroid blocking with 
"cold" iodine, although not really indis- 
pensable considering the short half-life and 
the absence of beta emission by the TPT, 
has been used in our cases. While thyroid 
uptake is thus greatly decreased, salivary 
accumulation is usually not significantly 
affected. Any of the commercial scanners 


Arthur S. Grove, Jr. and Giovanni Di Chiro 


January, 1968 


or fixed devices (cameras) may be used 
and, cons 





be given to a "low energy” collimator, The 
choice of the data presentation will de- 
pend on the equipment available and the 
individual in- 


Ae Nae 


about 20 minutes after injection, 
followed at once by (2) lateral view of the 
affected side Gf the lesion is unilateral), (3) 
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Fic. 2. C4) Normal lateral TPT salivary scan show- 
ing parotid gland (1), submandibular gland (2), 
oral cavity (3), and upper pole of thyroid (43. (B) 
Normal lateral TPT salivary scan showing merg- 
ing outlines of parotid and submandibular glands 
(upper arrows) and thyroid (lower arrow). 
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opposite lateral view and (4) posterior view 
which occasionally is informative. Prom- 
inent facial landmarks are marked on the 
scans for reference. 


CLINICAL APPLICATION 

TPT scans usually outline the parotid 
and submandibular glands (Fig. 1, £ and 
B; and 2, 4 and B). Occasionally the sub- 
lingual and the us glands are demon- 
strated (Fig. 3). The tongue, the naso- 
pharynx, and the E roid are also seen in 
the scans of the salivary "region." Vari- 
ations in the appearance of the scans 
among normal patients are common. Sig- 
nificant differences may occur in the 
amount of TPT accumulated and the size 
of the salivary glands. bilateral sym- 


metric decrease in the amount of TPT 
taken up by the salivary glands is the 


most common of these variations, and 1s 
frequently found in older individuals. 
Some inequality or asymmetry of the 
right and left glands is also often demon- 
strated. Maximum uptake of TPT by the 
salivary glands occurs between 10 to 60 
minutes after injection. Afterwards, serial 
scans may vary in appearance because the 
activity In the salivary glands decreases 
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Fic. 3. Normal lateral TPT salivary scan showing 
tongue with palatine glands (1) and sublingual 


glands (2). 


Salivary Gland Scanning 
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Fic. 4. Scan showing congenital aplasia of the left 
parotid gland. 


progressively, due in part to the physical 
decay of technetium ggm. 

Twenty-nine patients with proven ab- 
normalities of the salivary glands, with 
systemic diseases known to affect the sali- 
vary glands or with extracranial tumors 
of the head and neck, have been studied by 
JUST scanning | Fables i1 and in). Abnor- 
malities in the appearance of the scans 
were found in 19 patients. Pictorial scan- 
ning of the head and neck with TPT is use- 
ful for evaluating abnormalities of loca- 
tion, size, and function of the salivary 
glands and for differentiating among some 
of the space-occupying lesions which occur 
within or near these glands. The salivary 
scan abnormalities which may be of diag- 
nostic value include: (1) decreased salivary 
TPT accumulation, (2) increased TPT 
accumulation and (3) salivary defects or 
displacement. 

TPT accumulation by the salivary 
glands may be less than normal or may be 
altogether absent. This decrease may be 
either unilateral or bilateral, depending 
upon its cause. A unilateral decrease or 
absence is usually the result of aplasia 
(Fig. 4), surgical removal, or physical in- 
jury, such as irradiation (Fig. 5). A bi- 
lateral decrease of TPT uptake is more 
common and usually is found in patients 
with Sjogren’ s syndrome? (Fig. 6) or other 
systemic connective tissue diseases. De- 
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NON-NEOPLASTIC ABNORMALITIES—RESULTS OF TECK NETIUM 9gM PERTECHNETATE 
(TPT) SALIVARY SCANNINGS 


TPT Scan* 


| di dud Remarks 
Geass Nomal. Nonnus 
Degenerative arthritis Normal a. Sialogram: normal 
b. Saliva flow: normal 
l'ibrotic saladenitis Normal Unilateral parotid nodule 
Hypogammaglobulinemia | Bilateral a. Sialogram: normal 


Parotid aplasia 


Psoriatic arthritis i 


Radiation injury 


Rheumatoid arthritis l 


Scleroderma 


b. Occasional y dry mouth 


i | Left parotid; 
Normal right parotid 


No oral comp aints 


Bilateral Very dry mouth 


jd Right parotid; 
Normal left parotid 


3,000 r to right parotid for suspected lymphoma 


Bilateral No oral comp aints 


dix 


Left parotid; No oral comp ints 


Normal right parotid 


Sjógren's syndrome Normal a. Sialogram: saccular sialectasis (large salivary ducts) 
b. Slightly dr» mouth 

Sjógren's syndrome ; Bilateral Slightly dry mouth 

Sjógren's syndrome i i Bilateral a. Sialogram: punctate sialectasis (small salivary ducts) 
b. Very dry mouth 

Sjogren’s syndrome i i Bilateral à. Sialogram: saalectasis 
b. Very dry mouth 

Sjogren’s syndrome i | Bilateral a. Saliva flow- none 


b. Very dry mouth 


ȘI light! V e Do m uptake. 


*(pD 
(1l 


) Greatly decreased uptake or no uptake. 


creased TPT accumulation in the salivary 
glands usually parallels a decrease in sa- 
liva flow and a “dry mouth." This de- 
crease in TPT uptake is more frequent in 
patients with sialectasis of the smaller sal- 
ivary ducts, as shown by sialography. 
Only one primary salivary neoplasm in 
this series, a Warthin’s tumor (papillary 
lymphoid cystadenoma), clearly concen- 
trated more TPT than normal salivary 


tissue (Fig. 7). TPT was taken up by one 
carcinoma, which was also outlined by 
iodine 121 labeled albumin (RISA) and 
mercury 197 labeled chlormerodrin. One 
mixed tumor, despite the fact that it took 
up no TPT, was well outlined by mercury 
197 chlor merodrin. 

Five carcinomas and 4 salivary mixed 
tumors which were scanned were "cold" 
and accumulated no TPT. Space-occupy- 
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EXTRACRANIAL HEAD AND NECK TUMORS— RESULTS OF TECHNETIUM 99M 
PERTECHNETATE (TPT) SALIVARY SCANNINGS 





Tumor TP) Scan* Remarks 
Carcinoma 4- a, TPT, P RISA and Hg" chlormerodrin scans: all three visualize tumor 
b. Sr9 scan: outlines bone involved by tumor 
Carcinoma =- TPT scan: parotid defect and displacement 
Carcinoma — TPT scan: parotid defect and displacement 
Carcinoma Normal Primary parotid tumor 
Carcinoma Normal Tumor secondarily involving parotid 
Carcinoma Normal Tumor secondarily involving parotid 
Mixed tumor om a. TPT scan: parotid displacement 
b. Hg? chlormerodrin scan: tracer accumulates in tumor and outlines 
neoplasm 
Mixed tumor -— TPT scan: parotid defect 
Mixed tumor — 'T PT scan: parotid defect 
Mixed tumor Normal Primary parotid tumor 
Warthin's tumor d- TPT scan: parotid defect and displacement; tumor accumulates more 
TPT than normal salivary tissue 
Carotid body tumor — TPT scan: parotid displacement 


Lymphosarcoma — TPT scan: decreased accumulation of tracer in parotid on side of tumor 


Osteosarcoma Normal Salivary glands not involved by tumor 


Malignant melanoma Normal Salivary glands not involved by tumor 


¥ 


* (4) TPT accumulates in tumor ("hot" tumor). 
(—) TPT does nof accumulate in tumor i" cold" tumor); salivary gland position or outline is anormal. 
(Normal) TPT does not accumulate in tumor ("cold" tumor); salivary gland position or outline is normal. 
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ing masses may, however, if of sufficient 
size and if located within or adjacent to 
the glands, produce in the scan a salivary 
gland d lefect ot displacement (Fig. 8). Sev- 
eral "cold" tumors in our series caused 
such changes in the salivary scans. A 


“hot” neoplasm, the previously described 
Warthin's tumor, besides accumulating 
the TPT, also produced displacement of 


the tracer. outlined salivary glands. 

Finally, another application of salivary 
gland scanning has been the evaluation of 
the patency of some cerebrospinal fluid 
shunts! The rapid demonstration of the 
salivary glands after TPT injection into 
ventriculoatrial shunt tubing is an indirect 
but reliable proof that the shunt is patent. 


SUMMARY * 


Technetium gom pertechnetate (TPT) 
head and neck scans have been used to 
evaluate patients with a variety of extra- 
cranial tumors and non-neoplastic con- 
ditions. Decreased saliva flow, a clinically 
dry mouth and sialectasis of the smaller 
salivary ducts are associated with a de- 
crease in TPT uptake by the salivary 
gland is. TPT scans are useful for discrim- 
inating among different salivary gland 


* A scientific exhibit dealing with the technique reported in the 
present paper was given the first place award at the 13th Annual 
Meeting of the Society of Nuclear Medicine, June 23-25, 1966 in 
Philadelphia, Pennsylvania. 
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the 


Fre, 8. Scan demonstrates displacement of right 
parotid and submandibular glands (arrows) by 
"cold" carcinoma, 


tumors (such as “hot? Warthin’s tumors 
and "cold" mixed tumors). The position of 
the salivarv glands can be determined by 
TPT scanning and the size and extent of 
adjacent mass lesions can be evaluated. 
Giovanni Di Chiro, M.D. 
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HIGH INTENSITY PROXIMITY THERAPY 
OF INTRAORAL CANCER* 


WITH DESCRIPTION OF A NEW AFTER-LOADING UNIT 


By J. ERNEST BREED, M.D.+ 


CHICAGO, ILLINOIS 


ANCER of the oral cavity usually is 

fatal in about 1 year if not controlled. 
The disease consists of two parts—the pri- 
mary growth and the metastatic spread. 
Each part requires specific therapeutic 
measures. Destruction of the primary 
growth merits first consideration and 1s the 
subject of this paper. The treatment of 
lymph node metastasis is not considered, 
except in a general way. 

In the treatment of intraoral cancer the 
author has used a high intensity divided 
dose technique, applying radium in close 
proximity to the tumor surface. In subse- 
quent years over § per cent of our patients 
developed from 1 to 6 additional primary 
growths in different parts of the mouth, but 
in this report only data from the first 
growth are considered. 

The American Cancer Society estimates 
that in the United States 7,000 people will 
die of intraoral cancer in 1967, so it 1s evi- 
dent that we should re-examine our treat- 
ment policies. It is the purpose of this ar- 
ticle to discuss logic in radiation therapy 
and to describe a technique which is new to 
the profession but has been successfully 
used by the author for many years. In addi- 
tion a new unit called the Pneumatron is 
presented. This is an after-loading, remote 
controlled device which will permit the 
employment of the technique without ex- 
posure to personnel. 

The greater sensitivity of some malig- 
nant cells over normal cells to ionizing 
radiations may be more apparent than 
real, for occasionally an overdose may cause 
necrosis of the normal tissues and be fol- 
lowed by re-growth of the malignant tumor. 
It is therefore evident that much of the 


host resistance to tumors lies in the tumor 
bed. In recent months experimental work 
has been done on the natural defenses 
against tumor growth with emphasis upon 
antibody formation. 

The significance of the tumor bed is il- 
lustrated by the difficulty in destroying a 
malignant growth when that growth is in 
bone or invades the periosteum of the bone. 
In these sites radiosensitive growths may 
be destroyed but resistant tumors tend to 
recur after treatment. This clinical finding 
may be, in part, explained by the recent 
work on the hyperbaric oxygenation of 
tumors during irradiation, suggesting that 
oxygen in the tumor increases its sensitivity 
to irradiation. 


RADIATION THERAPY 


Ralston Paterson® has stated in his book: 
"The radium applicator (surface) is in 
many senses the only ideal method (of 
radiation therapy) in that where applicable 
it enables radiation to be given without 
trauma to a zone of tissue almost exactly 
limited to the tumor-bearing zone." He 
further states? that "In the treatment of 
cancer of the mouth, radiation treatment is 
to be preferred to surgical treatment (in- 
cluding diathermy) as the first treatment in 
all sites and whether the growth be early or 
late." Sir Stanford Cade, expresses es- 
sentially the same opinion in his four vol- 
ume work “Malignant Disease." In the 
past few years American radiotherapists 
have taken a more active role in the treat- 
ment of intraoral cancers. Some patients 
with mouth cancer, particularly those with 
cervical metastasis, require the cooperation 
of both an experienced radiotherapist and 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
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an experienced head and neck cancer sur- 
geon. 

The discovery of radium in 1898 pro- 
vided an ideal agent with which to treat 
intraoral tumors. Its gamma rays applied 
in close proximity to a growth provide de- 
structive irradiation to the tumor and still 
permit protection of the tumor bed and 
adjacent structures through the mechanism 
of the inverse square law. Since radium was 
very costly, therapeutic techniques were 
initially built around small sources. Thus 
intraoral cancers were treated either by 
needle implantation or from the surface by 
means of a mold in which small sources 
were dispersed strategically throughout the 
mold. The implantation of radium needles 
ig traumatic and painful, requires not only 
a knowledge of irradiation but also a cer- 
tain amount of surgical dexterity. Both 
radiation implantation and the preparation 
and application of a mold must be meticu- 
lously done, and results in a certain amount 
of radiation exposure to the physician as 
well as to the paramedical personnel. 

In the past few years great emphasis has 
been placed upon high energy radiation. 
With external beam therapy it is now pos- 
sible to deliver a predetermined dose to any 
part of the body. The real problem, how- 
ever, is not to deliver a set dose, but to 
destroy the cancer and at the same time to 
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spare the normal tissues. Since the radio- 
sensitivity of both tumors and normal tis- 
sues differs in every patient and since at 
times the difference is not very great, it is 
unavoidable that a uniform dose to a block 
of tissue may produce serious injury to nor- 
mal structures within the treated area. In 
the treatment of intraoral cancer with high 
energy external irradiation, Fletcher and 
Lindberg* have reported injury to the 
mandible in 37.5 per cent of the patients, in 
addition to soft tissue complications. 
This paper is based upon the treatment 
of 344 patients with cancer of the oral 
cavity treated personally by the author 
over a period of 33 years. All were epider- 
moid growths with the exception of 4 
lymphosarcomas of the tonsil, 1 myosar- 
coma of the tongue and 1 metastatic hyper- 
nephroma in the cheek. Included are 139 
patients with tongue cancer, 43 patients 
with cancer of the floor of the mouth, 66 
patients with cancer of the tonsil, 39 pa- 
tients with cancer of the gingiva, 46 patients 
with cancer of the buccal mucosa and 11 
patients with cancer of the palate (Table 


I). 


METHOD 


In 1917 my predecessor, Dr. Frank E. 
Simpson, purchased 1.5 grams of radium 
which was placed in an emanation plant 
built by Failla. Through trial and error 
Simpson devised a high intensity divided 
dose technique, modifications of which form 
the background of our method, which is as 
follows: 

The radium applicator is a small metal 
box 1.5X2X0.5 cm. in size. Rubber tubing 
4 mm. in thickness covers the applicator, 
which is fixed to the end of a stiff aluminum 
rod 1 meter in length. It is then loaded with 
400 to 600 mg. of radium and covered with 
a sterile finger cot. Figure 1 is the chart of 
the isodose curves around the face of a 300 
mc cobalt 60 applicator measuring 2X 1X 
o.5 cm. which is equivalent to the radium 
applicator in size and strength. With a 
covering of 4 mm. of rubber, a dose of 100 
r/min. is delivered at the surface of the 
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Fic. 1. Isodose curves for 300 mc cobalt 60 applicator. The 100% dose represents 200 r per minute and the dis- 


tance between the lines is 1 cm 


covered applicator. One centimeter below 
the surface the dose rate is 20 r/min., and 2 
cm. into the tissue the dose rate is approxi- 
mately 8 r/min. This rapid fall-off protects 
the tumor bed from serious injury. 

The patient is seated on a stool adjusted 
so that his head is nearly encircled by a 2 
inch thick lead collar fixed to the wall of the 
treatment room (Fig. 2). A 4 inch thick 
lead block is adjusted in front of the pa- 
tient. The operator standing behind an 
additional movable shield composed of 2 
inches of steel and 1 inch of lead 1s pro- 
tected by a total of 5 inches of lead and 2 
inches of steel. A bell shaped lead guard is 
afhxed to the end of the aluminum rod to 
protect the operator's hands. The applica- 
tor is held over the periphery of the tumor 
covering different portions in 10 minute 
daily treatments. A dose of 6,000 to 8,000 
r is delivered to all portions of the tumor 
over a 2 to 4 week period. 


. both vertically and horizontally. 


After each intraoral treatment, the 
lymph node bearing area on the side of the 
lesion 1s treated with a radium pack con- 
taining 200 to 800 mg. of radium at a dis- 
tance varying from 2 to 4 cm. from the 
skin. A total dose of about 6,000 r to the 
skin surface 1s usually administered over a 
period of 4 to 6 weeks. The purpose of 
these treatments is to prevent the develop- 
ment of metastatic tumor or, in case that 
enlarged lymph nodes are already present, 
to cause them to shrink or to disappear. 
This procedure holds further growth in 
abeyance until the destruction of the pri- 
mary lesion is assured. If palpable lymph 
nodes have been found at any time, the 
patient is referred for a radical neck dissec- 
tion. Prophylactic dissections are not ad- 
vocated. 

Since the muscle fibers of the tongue run 
in all planes, including the vertical, and 
since cancer extends between the muscle 
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lic. 2. Present technique. The patient's head is surrounded by a lead collar. There is a thick lead block 
adjusted before the patient. 


fibers, it is usual for tongue cancer to deeply 
invade the organ. It is difficult to deliver an 
adequate dose to the deeper parts of in. 
fltrated lesions by proximity therapy 
alone, although the superficial part of the 
tumor is destroved and the residuum 
shrunk to small proportions. The persistent 
part of the growth is then implanted with 
gold radon seeds of o. me strength, which 
are inserted 2 at a time in tandem, 1 being 
deposited 1n the tumor bed below the tumor 
and 1 1n the deeper portions of the residual 
mass, Paterson's implantation schemes are 
used. Of our 139 patients with tongue can- 
cer 99 were implanted. Of the 40 not im- 
planted, 12 were not treated or had dis. 
continued treatment, 16 were late Stage 
IV patients treated for palliation only, and 
12 had superficial growths that did not re- 
quire implantation. Implants were in- 
serted in Io other patients; 8 had advanced 
tonsillar fossa and pillar tumors in which 
the tumor had crossed the glossopalatine 
space and involved the adjacent portion of 
the tongue. 


Tage’ i 


ADVANTAGES OF THE METHOD 


The required dose may be delivered to a 
tumor with little danger of serious injury to 


the tumor bed or to adjacent structures. 
The removal of teeth is not required. 
Hospitalization is unnecessary and the pa- 
tient begins to feel better after the first few 
treatments, The cure rate of the primary 
growth is quite satisfactory, 


MATERIAL 


Of our 344 patients 275 were men and 69 
women, a ratio of about 4 to r (Table 11). 


The voungest patient was a man 26 vears 
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of age with tongue cancer. The oldest, also 
a man, aged 89 years, had a growth in the 
floor of his mouth. The mean age was high- 
est for cancer of the gingiva and was 65 
years. The lowest mean age of 50 years was 
found in cancer of the palate (Table 11). 


The TNM stages of all patients 


are dis- 


closed in Tables 1v to 1x. Ninety-three pri- 
mary tumors were Stage Ti, 86 Stage Ts, 55 
Stage T;, and 110 Stage T, (Table x). 


RESULTS 


Head and neck cancers present two 
separate but related problems, the treat- 
ment of the primary tumor and the treat- 
ment of the metastatic lesions in the cervi- 
cal lymph nodes. In general the treatment 
of the former is radiologic and of the latter 
surgical. As long as viable cells exist in the 
primary tumor it is useless to remove evi- 
dent metastases. Although some of our pa- 
tients died of uncontrolled metastases, 
complete destruction of the primary tumor 
was assumed if a patient lived one or more 
years without evidence of persistent dis- 


ease. 


In addition to indicating the staging of 
both the primary growth and the lymph 
node metastasis, Tables 1v to 1x present the 


percentage of destruction of the 


primary 


growths in the treated cases. Since patients 
with T, tumors are frequently treated for 


Stage No Ni N: 





Ti 32 4 
Ts 19 3 
Ti 4 5 
T, 8 17 
Total 63 29 
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palliation only, the best test of a technique 
for the destruction of tumors is the results 
obtained in T,4- T4-- T; tumors. 

A detailed report on tongue cancer made 
in 1957 disclosed a 30.9 per cent § year 
survival rate with the patients free of dis- 
ease.! 

Table 1v shows that the primary tongue 
cancer was destroyed in 85.3 per cent of T;, 
64.5 per cent of T5, 56.0 per cent of T; and 
29.0 per cent of T, tumors. Of the 81 pa- 
tients in T;-- T3-- T; groups, the primary 
tumor was destroyed in 58 patients (71.5 
per cent). 


Tas ie IV 
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Tid- Te- T3 Destroyed 58 of 81 (71.5 per cent). 
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Tit TFT; Destroved 23 of 26 (88€ per cent). 


Table v discloses that in cancer of the 
floor of the mouth, 91.0 per cent of Ty, 87.0 
per cent of Ts, 85.7 per cent of T, and 12.5 
per cent of T, tumors were destroyed. The 
destruction rate in Stages T,+T.+7, was 
88.5 per cent or 23 of 26 patients. 

Table vi presents the results in buccal 
carcinoma, The primary tumor destruction 
rate in T; was 94.4 per cent, T. 70.0 per 
cent, T; 50,0 per cent, and T: 12.5 per cent. 
The rate in patients with T,J- T,-- T, 
tumors was 80.0 per cent, or 28 of 35 pa- 
tients. In buccal cancer intraoral therapy is 
supplemented with an additional 1,000 to 
2,000 r by radium pack treatments from 


i j G il xy 
" C RETRO: PPAR 
C 16 2 | pis 


t A 


the skin surface. In 1952 a 5 year cancer 
free survival rate of 35.7 per cent was re- 
ported for all cases. Favorable cases (with- 
out metastasis, periosteal involvement or 
previous treatment) showed a 5 year sur- 
vival rate of 76.4 per cent. 

Table vir records the results in cancers 
located in the tonsillar fossa, the anterior 
pillar and the retromolar trigone. Tumors 
in these three areas are grouped together, 
since moderately advanced tumors in any 
one area soon spread to one or both of the 
other sites. In treated cases destruction of 
the growth was obtained in 83.3 per cent 
of Ti, 77.0 per cent of T., 37.5 per cent of 


Tage VI 


BUCCAL MUCOSA 








TNM Stages 


Stage | No | N; | No | Ns | Total | Tq ee | | Treated | 7 Tumor | ag soni 

| | | | E reated | | Destroyed | Destroved 
E o = "TN pm =- ois E fon TENER ~ a TM : EM M" ME - ieee P" i 
T E | au 3 - $ l | o L4 | i 11 | 9 | 26:05 
: p " | | TET a i , E e 


Ta? Ta Destroyed 28 of 35 (80.0 per cent), 
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Tase VII 


TONSIL (-- PILLAR-- R.M.T.*) 


TNM 


Total Not 





* R.M.T.— retromolar trigone, 
Ti-- Ti- T5 Destroyed 21 of 35 (60.0 per cent). 


Ts and 35.3 per cent of T, tumors. Combin- 
ing T,+T.+T; tumors, 21 of 35 or 60.0 per 
cent were destroyed. 

Table vii presents the results in gingival 
cancers. Here the results are poorer due to 
an absence of a good tumor bed. Of 39 
tumors, 14 were in the upper jaw and 25 in 
the lower jaw. No upper jaw gingival 
tumors were controlled. The rate of de- 
struction for lower jaw gingival tumors was 
85.7 per cent of T, 20.0 per cent of Ta, and 
no controls were recorded in T; or T, 
tumors. The destruction rate of T,4-T, 
+T: mandibular gingival tumors was 47.0 
per cent. It is our policy to treat gingival 
tumors with one course of definitive ther- 
apy. If destruction of the growth does not 
result, the tumor at least has been made 
much smaller and surgical removal is then 
advised. 

Table rx shows good results in early 
palate tumors. Six of our 11 patients had 
growths over the hard palate, 4 in the soft 
palate and x in both. All patients with 
Stage T, and Ts cancers recovered, while 
the 2 with Stage T; and T, succumbed. The 
cancer destruction rate in Stages T,-4- T,-- 
T's was 90.0 per cent or g of Io patients. 

Table x presents the total staging of all 
patients and Table xi the percentage of 
primary tumor destruction in all areas. 


Stages 






Treated Treated 


DISCUSSION 


Liversage? recently presented a review of 
experimental work on the effectiveness of 
high intensity dosage in comparison with 
low intensity dosage. He also considered 
the effect of dividing the dose, and varia- 
tions in the over-all treatment time. Al- 
though reasoning primarily from a theo- 
retic viewpoint, he concludes that in the 
treatment of cancer of the cervix greater 
injury is done to rapidly dividing cells with 
a high intensity technique than to cells 
with a longer period between cell division 
episodes. He believes that the treatment 
should be divided into at least 6 separate 
doses and spread over a period of at least 3 
weeks. 

Our experience confirms the efficiency of 
a high intensity divided dose technique 
with the element in close proximity to a 
primary intraoral tumor. The same tech- 
nique has been used successfully in accessible 
tumors in many areas, including the lip, the 
skin in general, the cervix and in Stage T; 
carcinoma of the vocal cords. 


PNEUMATRON 


Realizing the logic of a high intensity 
divided dose therapy at short distance, 
physicians of the Charing Cross Hospital 
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TABLE X 


TNM STAGES OF ALL PRIMARY GROWTHS 
























Site Ts Stage T Stage T4 Stage Total 
Tongue 48 139 
Floor of mouth 16 43 
Tonsil (-- pillar4- R.M.T.*) 26 66 
Gingiva 10 39 
Buccal mucosa 9 46 
Palate i II 
Total IIO 344 
* R.M.T. * retromolar trigone. 
TABLE XI 
SUMMARY OF DESTRUCTION RATE 
Primary Per Cent 
Site Total | NOt | Treated | Tumor | LC. ©ent | Destroyed 
zat Destr oyed estroy T iT Trl; 
Tongue 139 20 II9 68 $7.0 71.6 
Floor of mouth 43 I 42 26 $9.5 88.5 
Buccal mucosa 46 3 43 29 67.7 80.0 
Tonsil (+ pillar4- R.M.T.*) 66 14 $2 27 52.0 60.0 
Maxilla l4 10 Oo 
Gingiva 
Mandible 4 21 8 38.0 46.5 
Palate II o II 9 81.8 90.0 
Total 344 46 298 166 $7.6 70.0 


" R.M.T. = retromolar trigone. 





J. Ernest Breed 


JANUARY, 1468 


lia. 3. Pneumatron, a remote eene pneumatic after-loading device. 1. Solid plastic cylinder representing 


UE well for cobalt 6o storage. 


3. Intraoral applicator. 4. Air fow PR 'alve. 


in London, of the Radiumhemmet in Stock- 
holm and of the Memorial Hospital in 
New York are experimenting with after- 
loading units either using cobalt 60 or 
cesium 137. The English call their experi- 
mental model the "Cathetron." Their 
sources are forced through a catheter at the 
end of a wire. At this time their unit is being 
used experimentalls -only in cancer of the 
uterus. 

We have devised an after-loading remote 
controlled unit using cobalt 6o pellets, 
Since our unit transfers the sources by 
pneumatic pressure the name ‘“Pneuma- 
tron" seems appropriate. The unit eventu- 
ally will be used for the treatment of ac- 
cessible tumors in any site, but because of 
the great need for general usage of the 
technique i in intraoral tumors it will be used 
first in this area. 

The unit (Fig. 3) consists of a tungsten 
alloy reservoir 6 inches in diameter in which 
the sources will be kept when not in use, an 
applicator which is fixed in the mouth 


. 5teel reinforced plastic tubing for pneumatic transfer of sources. 
5$. Air pressure gauge. 6. Source release lever. 


against the surface of the tumor, and a tube 
connecting the reservoir with the applica- 
tor. In the initial unit the sources consist of 
IO stainless steel balls 4 inch in diameter 
with 7 mg. of cobalt 60 in the center. Round 
sources were suggested to the author by 
Herbert M. Parker. The cobalt 60 has a 
specific activity. of 143 curies per gram. 
Each ball has essenti: ally the equivalent of 
100 mg. of radium in irradi: iting power, so 
that the 10 small sources equal i | gram of 
radium. The balls are transferred to and 
from the applicator by pneumatic pressure, 
through a flexible plastic tube reinforced 
with steel wire, 

The applicator measures 3X1}xX14 cm. 
in size. Two tubes enter at one end, one 
large enough to permit the passage of the 
sources into the applicator and one smaller 
for the return flow of air. The larger tube 
lies in the center of the applicator with its 
center 8 mm. from the surface of the unit. 
The back half of the applicator is com posed 
of tungsten to provide relative protection 


Vots 162g Nopi 


to tissue opposite the cancer. The rest of 


ps 


the applicator is plastic with t mm. soft 
rubber across the face. 

The applicator is fixed and held in place 
by a headband with an adjustable but 
rigid arm which comes down anterior to the 
mouth. It is possible to adjust the applica- 
tor to any part of the mouth or pharynx 
(Fig. 4). 

The mouth and pharynx are anesthetized 
with o.ç per cent dyclonine hydrochloride 


and the applicator adjusted. The operator 


leaves the room, going to a control panel. 
The sources are then transferred to the 
applicator where they remain from 3 to 5$ 
minutes. During the treatment the patient 
is kept under constant observation through 
a lead glass window. The air flow is then 
reversed and the sources are returned to the 
reservoir. 

It is anticipated. that many different 
shapes and sizes of applicators will be 
devised as the use of the Pneumatron is ex- 
tended to the treatment of accessible 
tumors in other areas. The number of radio- 


active sources also will be increased as need 
arises, 
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SUMMARY 

The treatment of intraoral cancer is com- 
posed of two related but separate parts; 
i.e., the treatment of the primary tumor (a 
radiologic problem) and the treatment of 
metastatic lymph nodes (a surgical prob- 
lem). In this paper onlv definitive treat- 
ment of the primary growth is considered. 

The technique used in the 344 patients 
reported consisted of holding a soo mg. 
radium applicator against the surface of the 
growth for ro minutes daily, until a dose of 
about 8,000 r had been delivered to al 
parts of the tumor. Associated lymph node 
enlargements were concurrently treatec 
with a radium pack at a distance of 2 to 4 
cm. using 400 to 800 mg. of radium for 40 
minutes at each treatment. After destruc- 
tion of the primary tumor is assured, the 
patient 1s referred for block dissection o7 
the lymph nodes. 

Tables presented disclose the destruction 
rate of all tumors in different stages anc 
locations. The average rate was 70.0 per 
cent for Stage Ta, plus Ta, plus T; tumors. 

since the handling of powerful radium: 
applicators cannot be properly supervisec 





lic. 4. Applicator in treatment position. 
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in most treatment centers, a new afterload- 
ing, remote controlled unit called the 
"Pneumatron" has been developed. This 
unit permits the after-loading of a pre-ad- 
justed applicator with cobalt 60 pellets in 
the center of stainless steel balls. "These 
balls are transferred from the reservoir to 
the applicator and returned by pneumatic 
pressure. 


$5 East Washington Street 
Chicago, Hlinois 60602 
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INTEGRATED IRRADIATION AND OPERATION IN 
TREATMENT OF CANCER OF THE LARYNX 
AND HYPOPHARYNX* 

4 PRELIMINARY REPORT 


By B. F. 


RUSH, JR., M.D., GLENN REYNOLDS, B.S 


4, and ROBERT GREENLAW, M.D. 


LEXINGTON, KENTUCKY 


Rok the past 4 years we have employed 
a program of combined irradiation and 
operation in all suitable patients with 
primary carcinoma of the larynx and 
hypopharynx. All patients, not previously 
treated, with Stage n lesions or greater, 
physically able to tolerate irradiation and 
operation, were accepted for integrated 
therapy. This paper concerns the early 
results of this program. 


CLINICAL MATERIAL 


From July 1962 until March 1967, 75 
patients with carcinoma of the larynx and 
hvpopharynx were seen. Thirteen patients 
had recurrent lesions following previous 
therapy. Of the 62 patients with primary 
untreated lesions 47 had carcinoma of the 


TABLE t 


DISPOSITION OF PATIENTS WITH PRIMARY UNTREATED 
LESIONS OF LARYNX AND HYPOPHARYNX 


MS U ntreated > ,esions of = aryny 47 
Candidates for Palliation Only 14 
Candidates for Treatment Ha 

Radiation therapy only 3 
Surgery only 2 
Refused operation, treated with irradiation 4 
Refused all therapy 2 
Combined Therapy 21 


Primary Untreated Lesions of Hypopharynx 1: 
Candidates for Palhation Only 1 
Radiation therapy 
Chemotherapy 
Died during work-up 
Combined Therapy 


t3 99 3 d Q ‘Ft 


i 
I 


larvnx and ts of the hypopharynx (Table 
1). The patients were examined by a radio- 
therapist and surgeon at the first visit and 
the lesion was staged by one of us (R.G.). 

The majoritv of our patients came from 
a rural Appalachian setting. They had a 
fatalistic outlook and poor access to medi- 
cal care; thus most of the primary lesions 
seen were moderately to far advanced 
(Table i1). Only 4 per cent of the laryngeal 
lesions were in clinical Stage 1 compared to 
the incidence of $6 per cent for this stage 
reported by the American Joint Committee 
on Cancer Staging and End Results.” 

Because of the advanced stage of disease 
encountered and the not infrequent refusal 
of therapy, only 31 of 62 patients received 
therapy. Twenty-six of this group had com- 
bined therapy and 3 of these are too early 
postoperative to evaluate. Of the 23 pa- 
tients evaluated, one-third were in ech of 

clinical stages—Stage 11, 111 and iv (Table 
ae Patients end as Stage I1 because 
of no palpable lymph nodes often had very 
large primary lesions; 3 of these involved 
the skin of the neck including 1 with 
multiple salivary fistulae. 


RADIATION THERAPY 


All patients received a tumor dose of 
5,000 to 6,000 rads of cobalt 60 radio- 
therapy delivered through bilateral op- 
posed ports. Port size averaged 6X t0 cm. 
and was adjusted to cover the palpable 
lymph nodes when these were present. The 
period of treatment was 5$ to 6 weeks. 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
Part of Panel Symposium: Head and Neck Cancer, Moderator, Richard H. Jesse, M. D., Houston, Texas. 
From the Department of Radiology, Section of Radiotherapy; and the Department of Surgery, Section of Oncology, University of 


Kentucky Medical Center, Lexington, Kentucky. 
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H 
CLINICAL STAGING* OF ALL PRIMARY LESIONS 


Ed 


T tients) 


| 34 3 20 | 19 | 31! 
H1 | 12 26 4 27 | 16 | 26 
i : Sy bar 3 -= mys i Dm 
7 IV | 16 | o4 / 4j i 23 diy 
Unstaged | 1 | 2 I 7 2 | 3 
“American Joint Committee on Cancer Staging and End Results Reporting. 
Tasre IH 
STAGE OF OPERATED LESIONS 
3 2 3 EXP ts i 
| Larynx (1 ü | F ly popharye rx (4) | l'otal (23) 
No. | Per cent | Nos Per cent | NG; | Per cent 
| S | - | o | © | O | © 
1 : i i o H 
Ii | 6 | T | 2 | 40 | 8 | js 
HI 6 3i | 2 40 8 | 35 
IV | 6 | 33 | 1 | 20 | 7 | 30 


OPERATIVE THERAPY 
Patients were brought to operation on an 
average of 6 weeks after irradiation. Radical 
neck dissection accompanied laryngectomy 
on the major side of the lesion whether 
lymph nodes were palpable or not. In 3 
instances of midline lesions without pal. 
pable lymph nodes, laryngectomy alone 
was performed. Bilateral radical neck dis- 
section was done only when enlarged lymph 
nodes were present in the contralateral 
neck prior to radiation ther apy (Table rv). 
The skin incision at operation was always 
made outside the area of the radiation 
ports. Radical laryngectomy was performed 
through a transverse incision in the lower 
neck. Laryngectomy and radical neck dis- 
section were done through a hockey stick 


Taste IV 


OPERATIONS 


Laryngectomy only 3 

Laryngectomy and Radical Neck Dissection 13 

Laryngectomy and Bilateral Radical Neck 4 
Dissection 








shaped incision; when bilateral neck dis- 
section was done this incision was extended 
to form a U. 

There were no operative deaths. Six 
patients (25 per cent) developed salivary 
fistulae. Four closed spontaneously. One 
required secondary closure. One was ac- 
companxed by carotid artery rupture which 
was ligated without sequelae although the 
fistulae subsequently closed spontaneously 
(Table v). Previous irradiation did not 
appear to affect blood loss at operation or 
length of hospital stay (Table v1). 


of the 23 operated patients, no 
Taste V 


POSTOFERATIVE COMPLICATIONS-— 23 


In 3 


PATIENTS 


Salivary Eistulae—Closed Spontaneously 
Postopera ‘i ive Hematoma under Flap 
Pong: put U ngs P ‘lap 


Salivary I cela arotid eee ei 


without Sequelae — 
Total 8 
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AVERAGE BLOOD REPLACEMENT AND 
AVERAGE HOSPITAL STAY 


T fO i Blood | Hospital 
THe € Me H j i > " 
“ype of Operation P Sey d St 
Laryngectomy o | 10 Days 
Laryngectomy and Radical | qao- e Elo days 
AD. ea : | 
Neck Dissection | 


Laryngectomy and Bilateral | 23 Days 


Radical Neck Dissection 


* Omitting one patient in hospital several months because of 
disposition problems. 


trace of residual tumor could be found in 
either the primary site or in the lymph 
nodes. Five of the primary tumors showed 
complete regression and 17 showed some 
evidence of radiation effect. In 12 patients 
with palpable lymph nodes prior to irradia- 
tion, only 4 had evidence of tumor in the 
lymph nodes at operation. This is a higher 
number of false positives than ordinarily 
found and 1s assumed to be due to preopera- 
tive irradiation (Table vir). 

Survival of treated patients was analyzed 
by the life table method (Table viri). Of 
those surviving 3 years no tumor recurrence 
was present; of the 2 vear survivals 1 had 
recurrent disease, and of the I year sur- 
vivals 1 had cancer present. Because of the 
small group involved, laryngeal and hypo- 
pharyngeal patients are listed together. 


DISCUSSION 


The patients treated represent an ad- 
vanced state of tumor growth: one-third 


Tang VH 
EFFECT OF IRRADIATION ON TUMOR HISTOLOGY 
AT OPERATION 


Primary Lesions 23 
No evidence of tumor 5 
Marked tumor response 8 
Moderate tumor response 9 
No tumor response I 

Palpable Lymph Nodes Prior to Irradiation i2 
No tumor in lymph nodes 8 
Positive lymph nodes 4 

No Palpable Lymph Nodes Prior to Irradiation 11 
No tumor in lymph nodes P 


Positive lymph nodes 4 


Cancer of the Larynx and Hypopharynx 
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SURVIVAL 
ANALYSIS BY LIFE TABLE METHOD 
12 Mo. 





A lue l 16* | 
bee $$ —— PI x75 
Per Cent Survival | gg. 87.5 | 100 


* One patient alive with recurrent cancer. 


required bilateral radical neck dissections; 
two-thirds were in Stage mi and iv; and 
half the patients in Stage 11 had gross inva- 
sion of anterior cervical skin. Eleven of the 
23 patients required tracheostomy prior to 
irradiation because of respiratory distress 
and g additional patients required trache- 
ostomy during the period of radiation 
therapy. The survival rate to date is sur- 
prisingly good and while the group is too 
small to support significant conclusions it 
provides strong reason to continue the 
studv. 


SUMMARY 


A preliminary analysis of the results of 
integrated therapy of carcinoma of the 
larynx (18 patients) and hypopharynx 
(§ patients) is presented. There were no 
deaths from therapy and the morbidity was 
comparable to that of operation alone. 
Sixteen of 17 patients followed 1 vear are 
surviving, as are 7 of 8 patients followed 2 
years and all of 3 patients followed 3 years. 
These results are favorable enough to 
recommend continuation of the study. 
B. F. Rush, M.D. 

Department of Surgery 
University of Kentucky Medical Center 
Lexington, Kentucky 40506 
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TREATMENT OF CERVICAL LYMPH NODE METAS- 
TASIS FROM PRIMARY LESIONS OF THE ORO- 
PHARYNX, SUPRAGLOTTIC LARYNX 
AND HYPOPHARYNX* 


By ROBERT LINDBERG, M.D., and RICHARD H. JESSE, M.D. 


HOUSTON, TEXAS 


ADICAL neck dissection has been the 
most effective method of eradicating 
cancer in the cervical lymph nodes of pa- 
tents with oral cavity cancer since Crile 
first introduced the procedure in tgos, 
Duffy, in a 1938 review, concluded that 
radical neck dissection should not be em- 
ployed for many patients with advanced 
metastasis which is usually associated with 
primary cancer of the oropharynx and hy- 
popharvnx. 

Recently the rationale of radical neck 
dissection used alone for treatment of 
cervical lymph node metastasis has been 
challenged by those who believe that with 
the addition of radiation therapv a higher 
control of cancer in the neck can be 
achieved. Beahrs and Barber! report 25 
per cent, and Strong e£ a/. 33 per cent re- 
currence in the neck of patients following 
radical neck dissection alone. These two 
series include many patients with oral 
cavity cancer in whom greater control of 
neck metastasis 1s expected than in those 
patients with the more virulent cancers of 
the oropharynx, hypopharynx and supra- 
glottic larynx. No data are available re. 
garding recurrence 1n the necks of patients 
with cancer of the oropharynx, hypo- 
pharynx or supraglottic larvnx who have 
undergone radical neck dissection as part 
of their treatment. 

The incidence of cervical metastasis in 
patients with squamous cell carcinoma of 
the upper respiratory and digestive: tracts 
varies greatly depending upon the site of 


origin. We have found the incidence of 
cervical lymph node metastasis in patients 
on first admission to M. D. Anderson Hos- 
pital to be 37 per cent for nasopharynx, 76 
per cent for base of tongue, 76 per cent for 
tonsillar fossa, and 72 per cent for those 
that originate on the palatine arch.? The 
high incidence of cervical metastasis asso. 
ciated with primary cancer in these sites 
is also likely to be in advanced state, as 
evidenced by multiple lymph nodes, bi- 
lateral lymph nodes, or large fixed lymph 
nodes. By contrast, cervical metastasis in 
patients with oral cavity cancer occurs 
much less frequently and is often in a rela- 
tively early stage, as indicated by small 
single lymph nodes. 

At the M. D. Anderson Hospital a treat- 
ment regimen of combined megavoltage 
radiation therapy and surgery for cancer 
of the head and neck has been used since 
1954. It is the purpose of this paper to 
examine (1) the effectiveness of radical 
neck dissection alone, and (2) the additive 
effectiveness of radiation therapy to radical 
neck dissection in the control of cancer in 
the neck, 


MATERIAL 

The records of 1,008 patients with can- 
cer of the oropharynx, hypopharynx and 
supraglottic larynx observed from January 
1954 through August 1962 were reviewed. 
Clinical staging of the cervical lymph nodes 
was determined on all patients at their 
initial observation, according to the 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, ‘Toronto, Ontario, Canada, May 20*31; 190: 
Part of Panel Symposium: Head and Neck Cancer, Moderator, Richard H, Jesse, M.D., Houston, Texas, 
From the Department of Radiotherapy and Section of Head and Neck Surgery, The University of Texas, M, D, Anderson Hospital 


and Tumor Institute at Houston, Houston, Texas, 


This investigation was supported by Grants No, CA 06294 and CA oshga from che National Cancer Institute, National Institutes of 
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REGIONAL LYMPH NODE METASTASES 


————————Ó—————————————————Á—————À Y 


———————————————————————————HÉE(— 


No No clinical evidence of lymph node metastasis 


Ni A single ipsilateral clinically positive lymph 
node less than 3 em. in diameter, not fixed 


Ns A single lymph node, ipsilateral, not fixed, 
more than 3 cm. in diameter, or multiple 
lymph nodes ipsilateral, not fixed, of any size 


Ns Bilateral or fixed unilateral or contralateral 
lymph nodes, clinically containing metastatic 
disease 


method long employed in this hospital 
(Table 1). The records of 291 patients on 
whom a radical neck dissection was per- 
formed were selected for analysis. 

The treatment was considered success- 
ful if the patient's neck was free of cancer 
at 3 years, since go per cent of the recur- 
rences are manifest by 24 months. The 
treatment was also considered successful 
in the group of patients dead of any cause 
prior to 3 years if the neck was free of 
cancer at time of death. Treatment was 
considered a failure if the neck contained 
cancer even in those patients whose treat- 
ment for the primary lesion was also un- 
successful. 


POLICY OF TREATMENT 


OROPHARYNX CANCER 


The oropharynx is divided into the 
palatine arch (soft palate, anterior tonsillar 
pilar, retromolar trigone) and the oro- 
pharynx proper (tonsillar fossa, pharyngeal 
walls and base of tongue). The treatment 
for primary oropharynx cancers of most 
patients, with selected exceptions, is bv 
radiation therapy. The treatment programs 
for both the primary and cervical area 
have been previously reported in detail? 

Palatine arch. Patients with lesions on 


uge 


the palatine arch who are staged N, re- 
ceive no irradiation or operation upon the 
neck, The upper ipsilateral neck of patients 


staged N, is irradiated and also receives 








Cervical Lymph ? 


ode Metastasis S3 


subsequent radical neck dissection. A pa- 
tient's neck, classified Ns or N;, will receive 
bilateral radical irradiation with subse- 
quent unilateral or bilateral neck dissection. 

Oropharynx proper. The treatment of 
the neck of patients with cancer of the 
oropharynx proper varies according to the 
site of the primary lesion. Patients with 
tonsillar fossa cancer, staged No, receive 
irradiation. only to the upper ipsilateral 
neck, while those staged Ni, Na, or Ng re- 
ceive radical irradiation to the entire neck. 
Radiation therapy usually controls the 
small multiple lymph nodes often associ- 
ated with tonsillar fossa cancer and radical 
neck dissection is rarely necessary. A radi- 
cal neck dissection is performed in those 
patients whose neck lymph nodes are 
greater than 4 cm. in diameter, are fixed 
or do not regress after radiation therapy. 

Patients with small cancers of the oro- 
pharyngeal walls are treated by radiation 
therapy, whereas those with large lesions 
are operated upon without prior irradia- 
tion. If the primary lesion is being irradi- 
ated, the ipsilateral jugular chain of 
lymph nodes is always included in the pri- 
mary field, even if the neck is clinically 
negative. In the last 2 years the retro- 
pharyngeal lymph nodes have been in. 
cluded in the treatment field. If lymph 
nodes are present, the neck is radically 
irradiated and subsequent radical neck 
dissection is performed. If the patient's 
primary cancer is being treated surgically, 
a radical neck dissection is performed 
routinely on the ipsilateral side regardless 
of the lymph node classification. 

Patients with cancer of the base of the 
tongue receive radical irradiation to the 
primary lesion and to the entire neck, Uni- 
lateral or bilateral neck dissection is done 
subsequently if the original lymph node 
was over 2 cm. in diameter. 
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SUPRAGLOTTIC LARYNX CANCER 


Our usual treatment of patients with 
large or fixed lesions of the supraglottic 
larynx is wide-field laryngectomy. Neck 
dissection is not performed in a clinically 


Tassie H 
OROPHARYNX, SUPRAGLOTTIC LARYNX 
AND HYPOPHARYNX 
(1954-7 Àugust, 1962) 

291 Patients 
Failure to Control TEMO Discap 


IN. aa Ne IN j m N, | Total 
Radical Neck | SUME | 23/71 | 30/146 
Eissecton Alone | (9.390) | 


Radical Nak | 4/39 | 18/106 | 22/145 
Dissection and (10. 3%) | COS) (05.2%) 


Radiation Ther- 
apy 


negative neck. Radical neck dissection unt- 
laterally or bilaterally, as indicated, is 
performed on those patients with clinically 
positive lymph nodes. Postoperative radia- 
tion therapy is emploved only if the sur- 
geon suspects that there is cancer remain- 
ing in the neck. Those patients with a 
more exophytic lesion in a mobile larynx 
and clinically positive lymph nodes in the 
neck receive radical irradiation to both the 
primary lesion and the neck. Neck dissec- 
tion is performed 4 to 6 weeks later. 
Laryngectomy is not done if the primary 
lesion is controlled. 


HYPOPHARYNX CANCER 


The treatment of patients with small 
(T3) cancers of the hypopharynx is radia- 
tion therapy; the treatment field always 
covers the jugular chain of lymph nodes, 
and for the last 2 years has also included 
the retrophary nedal lymph node area. If 
metastasis is present in other than the 


jugular chain, radical irradiation. of the 
entire neck is done, followed bv radical 


neck dissection in 4 weeks. Most patients 
with primary cancers classified Ta, Ts, and 
T, receive laryngopharyngectomy and ipsi- 
lateral radical neck dissection regardless of 
the classification of the cervical lymph 
nodes. Usually the radical neck dissection 
is extended to include the parapharyngeal 
and retropharyngeal lymph nodes of Ron- 
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vier which are sometimes involved. Post- 
operative radiation therapy is given pa- 
tients in whom there is any doubt about 
the adequacy of the resection. 

For a 3 year period postoperative radia- 
tion therapy was given all patients with 
hvpopharvnx cancer to decrease mucosal 
recurrence. This practice was abandoned 
when the use of free skin grafts allowed the 
surgeons to remove more mucosa with im- 
mediate repair of the pharynx. 





RESULTS 

One hundred and forty-six of the 291 
patients in the series had radical neck dis- 
section as the only therapy to the neck. 
Thirty, or 20 per cent, of this group had 
neck recurrence. Of the 71 patients classi- 
fied Na or Ns, there was a 32.4 per cent 
recurrence after neck dissection (Table 11). 

One hundred and forty-five patients 
had radiation therapy to the neck either 
before or after radical neck dissection. In 22 
patients, or 15.2 per cent, the treatment 
was unsuccessful. Of 106 patients in this 
group classified Ne» or Na only 18, or 
17.0 per cent, had recurrence in the neck. 

Radiation therapy increased the effec- 
tiveness of the radical neck dissection in 
the entire series by 24 per cent. For those 
patients stagec i Ny or N, however, the 
recurrence rate dropped by 47 per cent 
(32.4 per cent to 17.0 per cent). 

Oropharynx. One hundred and forty- 
eight patients with oropharynx cancer had 
radical neck dissection; of whom 74 had 
radical neck dissection alone, 71 had irradi- 
ation of the neck with subsequent radical 
neck dissection, and 3 had radical neck 
dissection followed by radiation therapy. 
The number of patients in each “N” 
stage with the results of the treatment of 
the neck is shown in Table ut. An i improve- 
ment of almost s0 per cent was experi- 
enced by the group who received sequential 
radiation therapy and radical neck dissec- 
tion. There was no difference in the two 
groups with cervical metastasis that was 
small and single (Ni). There was great 
improvement, however, in the patients 
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Tase III 
OROPHARYNX CANCER 
(1954-August, 1962) 
148 Patients 
Failure to Control Cervical Disease 
Total 
Radical Neck Dissection Alone— 10/26 5/9 19/74 
74, Patients (38%) (27%) 
Sequential Radiation Therapy and Surgery— 0/6 2/14 5/27 3/24 10/71 
71 Patients (14%) (18.5%) | (12.5%) | (14.1%) 






















3 Additional Patients-Planned Surgery and Postoperative Radiation Therapy: Ni=1 case, Namı case, Ni 1 case (uncontrolled 


cervical disease). 


with advanced neck metastasis (N, and 
Ns). 

Supraglottic larynx. The small number of 
patients in the supraglottic group makes 
comparison of statistics difficult. A slightly 
better control of lymph node metastasis 
is apparent in those patients who had 
postoperative irradiation as compared to 
those having radical neck dissection alone 
(Table 1v). 

There was slightly less effective control 
of the cancer in the neck in the group 
treated by sequential radiation and surgery, 
the latter for persistent or recurrent dis- 
ease. Radiation therapy was chosen in 
preference to surgery for these patients in 
an effort to conserve larynx function. The 
choice of this therapy in these patients 


resulted in a slightly higher recurrence of 
cancer, both in the primary area and in 
the neck. 

Hypopharynx. Thirty-eight of 83 pa- 
tients with hypopharynx cancer under- 


went radical neck dissection alone (Table 


v). Eighteen per cent of these patients had 
recurrent cancer in the neck, mostly in 
those classified Nz or N;. In the patients 
irradiated after radical neck dissection, 
control of the disease in the neck in the 
N, and N; groups was much better. The 
number of patients who had radical neck 
dissection after irradiation is too small to 
be of significance. 


DISCUSSION 
The policies of treatment as outlined 


Tage IV 
SUPRAGLOTTIC CANCER 


(1954-August, 1962) 
60 Patients 


Failure to Control Cervical Disease 


Radical Neck Dissection Alone— 
34 Patients 


Sequential Radiation Therapy and Surgery— 
13 Patients 


Planned Surgery and Radiation Therapy— 
15 Patients 





Ni Total 


4/34 
3/13 
(23%) 


1/13 
(7.7%) 


I 
t 


(11.7776) 


136 


Robert Lindberg and Richard H. Jesse 


JANUARY, 1968 


Taste V 


HYPOPHARYNX CANCER 


(19£4-Àugust, 1962) 
83 Patients 
Failure to Control Cervical Disease 





|! Total 


Radical Neck Dissection Alone— | 0/7 | oo | a!3 | 3/8 | 2a 
58 Patients | | (16%) | (2505) | | (851) 

Sequential Radiation Therapy and Surgery — | o3 | 0,2 | o/a | 2/4 | c 
11 Patients | | | | (1864) 

Planned Surgery and Radiation Therapy—~ | o2 | ua eer’ | 4/16 | — 5/34 
34 Patients | | | (15%) 


above are only guides and are not inflexible. 
The surgeon and radiotherapist together 
arrive at a consensus regarding a patient’s 
treatment after evaluating his primary 
cancer, the status of the cervical lymph 
nodes, his general condition, his social- 
economic factors, and his habits—particu- 
larly smoking and drinking. Therefore, 2 
patients presenting with similar cancers 
may not have similar treatment, since their 
ability to adjust and to withstand the 
therapy may be different. We try to cure 
the greatest number of patients without 
causing them undue disability. We believe 
that combinations of radiation therapy and 
surgery cause fewer complications and 
less disability than either modality. ex- 
tended beyond the usual therapeutic level. 

Our experience indicates that most small 
single lymph nodes less than 3 cm. in 
diameter can often be sterilized by radia- 
tion therapy or removed surgically with an 
equal chance of success. When the lymph 
node is greater than 3 cm. in diameter, 
it frequently breaks through the capsule 
and spreads into the soft tissue of the neck. 
Under these conditions, recurrence in the 
neck after radical neck dissection or ordi- 
nary doses of radiation therapy is likely 
to occur. Therefore, in these patients 
we either increase the radiation dose to the 
neck to a high level (8,000 rads or above) 
or use combinations of radiation therapy 
and surgery. Ín patients whose neck is 


Lo 4 OTF i 
(7%) 1 (25%) | 


classified as No or Na we have chosen radical 
irradiation, either. prior or subsequent. to 
radical neck. dissection. The preoperative 
irradiation has been a minimum of £,000 
rads given dose, in 5 weeks, delivered to 
the ipsilateral side of the neck. Patients 
in whom the primary lesion 1s to be treated 
by radiation therapy, the field covering 
the lesion and the ipsilateral neck receives 
a minimum of 6,000 rads given dose in 6 
weeks, with some patients receiving an 
additional 1,5000. rads boost through a 
greatly reduced portal. The minimum radi- 
cal neck dissection employed in these ir- 
radiated patients is the standard Crile 
procedure. However, the dissection 1s often 
extended into the retropharyngeal lymph 
node area, particularly in those patients 
with lesions of the oropharyngeal and 
hypopharyngeal walls. The surgical mor- 
tality of radical neck dissection alone 
or in combination with resection of the 
oropharyngeal, supraglottic or hypophary- 
geal primary lesion in the nonirradiated 
patient is 4.8 per cent, while this increases 
to §.3 per cent for the prior irradiated 
patients. Most of the mortality is due to 
exposure and subsequent rupture of the 
carotid artery through an unhealed wound. 
In recent years the incision for radical 
neck dissection has been altered from a 
trifurcate incision to a bifurcate incision in 
irradiated patients. As a result, exposure of 
the carotid artery is now virtually non- 
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existent. It is interesting to speculate 
whether the preoperative dose of 2,000 
rads given in 5 days, immediately followed 
by surgery as advocated by Henschke eż 
al. would obtain the same result as our 
radical pre- or postoperative irradiation 
with less mortality and morbidity to the 
patient. In our present series with a 3 year 
follow-up, we find that only 15.2 per cent 
of the patients in whom the primary can- 
cer was of high virulence who were treated 
with irradiation and radical neck dissec- 
tion had recurrence. Strong ef aJ. report 
a recurrence rate of 22.5 per cent in the 
neck after the lower irradiation dose and 
radical neck dissection in a series pre- 
dominantly composed of patients with 
oral cavity primary cancers and hence of 
somewhat less virulence than our series. 
We feel that the higher dose of irradiation 
offers the best prognosis for most patients 
since it significantly lowers the rate of 
recurrence. 


SUMMARY 


The records of 291 patients with cancer 
of the oropharynx, supraglottic larynx 
and hypopharynx in whom radical neck 
dissection was performed were reviewed. 
There was failure to control the cancer in 
the neck in 30 of 146 patients (20 per cent) 
who had radical neck dissection alone. In 
I45 patients receiving radiation therapy 
either prior or subsequent to the neck dis- 
section, there was a failure to control the 
cancer in the neck in 22, or 15.2 per cent. 
The addition of radiation therapy to radical 
neck dissection does not improve the 
results in those patients with single ipsi- 
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lateral lymph nodes less than 3 cm. in 
diameter (Nj); however, almost 5o per cent 
improvement (32.4 per cent recurrence 
versus 17.0 per cent recurrence) is obtained 
by adding radiation therapy to radical 
neck dissection in patients with multiple, 
fixed, or bilateral cervical metastasis (N, 
and N3). 


Robert Lindberg, M.D. 

Department of Radiotherapy 

The University of Texas 

M. D. Anderson Hospital and Tumor Institute 
Houston, Texas 77025 


REFERENCES 


I. Beanrs, O. H., and Barger, K. W. Value of 
radical dissection of structures of neck in man- 
agement of carcinoma of lip, mouth and larynx. 
A.M.A. Arch. Surg., 1962, 85, 49-56. 

2. Durry, J. J. Cervical lymph nodes in intraoral 
carcinoma: surgery or irradiation? Am. J. 
ROENTGENOL. & Rab. THERAPY, 1938, 39, 767- 


TIT 

3. FLETCHER, G. H., and Linppere, R. D. Squamous 
cell carcinoma of tonsillar area and palatine 
arch. Am. J. RogNTGENOL., Rap. THERAPY & 
NucLEAR MeD., 1966, 96, 574-587. 

4. Henscuke, U. K., FRazELL, E. L., Hiranis, B. S., 
Nickson, J. J., Toutersen, H. R., and STRONG, 
E. W. Value of preoperative x-ray therapy as an 
adjunct to radical neck dissection. Radiology, 
1966, 86, 450-453. 

5. Jesse, R. H., Jr., and Frercuer, G. H. Metasta- 
ses in cervical lymph nodes from oropharyngeal 
carcinoma: treatment and results. Am. J. 
RoENTGENOL., Rap. THERAPY & NUCLEAR 
MED., 1963, 90, 999-996. 

6. SrRoNG, E. W., Henscuxe, U. K., Nickson, J. 
J., Fraze vt, E. L., TorrErsEN, H. R., and 
Hiranis, B.S. Preoperative x-ray therapy as an 
adjunct to radical neck dissection. Cancer, 
1966, 79, 1509-1516. 

7. Unpublished data. 





]aNUvARY, Tots 


IHE ROLE OF ROENTGENOGRAPHIC STUDIES IN 
IHE EVALUATION AND STAGING OF 
MALIGNANCIES OF THE LARYNX 
AND PHARYNX* 


by T. R. HOWELL, M.D., G. 


A. GILDERSLEEVE, 


M.D., and E. 


RICHARD KING, M.D. 


RICHMOND, VIRGINIA 


HIS is a report on 105 consecutive 
cases of cancer of the larynx and/or 

pharynx examined roentgenographically at 
the Medical College of Virginia from April, 
1963, to March, 1966. 

The proper diagnosis of malignancies of 
the larynx or pharynx, the classification, 
subsequent treatment, and follow up, de- 
mand evaluation of the exact extent of in- 
volvement of tissues by the primary lesion 
at the initial study. Furthermore, when 
radiation therapy is employed in this region, 
the proximity of vital structures requires 
that the area of treatment be as small as 
possible, vet fully encompass the lesion. 

The currently available clinical methods 
of evaluation of cancer of the larynx and 
pharynx as described by the American 
Joint Committee on Cancer Staging and 
End Results Reporting,'? are the following: 
(1) palpation; (2) endoscopic study: (a) 
indirect (mirror), (b) direct (laryngoscopte, 
bronchoscopic, esophagoscopic) ; and (3) 
roentgenographic examination. 

Utilization of all of these methods allows 
an accurate determination of the extent of 
primary lesions of the larynx and pharynx. 


NONROENTGENOGRAPHIC METHODS 


Of the clinical methods available, the 
majority of information previously formu- 
lated in the investigation of the extent of 
primary lesions of the larynx and pharynx 
has been on the basis of the nonroentgeno- 
graphic modalities of palpation and endo- 
scopic examination—methods which may 
not vield the desired result. Consider ably 
less emphasis has been placed on the use of 
diagnostic roentgenographic examination 


as an additional method of determining the 
extent of tumor involvement. 

Palpation. Digital palpation of primary 
lesions especially those of the base of the 
tongue, epiglottis, and valleculae, 1s helpful 
in determining the gross characteristics of 
that portion of these tumors which can be 
reached, but not beyond. 

Endoscopic Study. Endoscopic study by 
indirect (mirror), and direct (larvngoscopic, 
bronchoscopic, and esophagoscopic) meth- 
ods allows visual inspection of the lesions 
and also permits investigation of the dis- 
turbances in intrinsic movements. How- 
ever, In certain instances there are definite 
deficiencies 1n this method of examination. 
Pastore ef al.’ noted that lesions involving 
the region of the base of the tongue, laryn- 
geal surface of the epiglottis, pyriform si- 
nuses, postcricoid and subglottic surfaces, 
because of their anatomic location, may be 
relatively inaccessible to complete evalua- 
tion by endoscopic instruments. In addi- 
tion, exophvtic tumors may allow only in- 
spection of their upper surfaces precluding 
evaluation of any distal lesion or the infe- 
rior surface of the primary tumor. Further- 
more, limitation of movement of the jaw 
and tongue, when present, limits visual 
inspection and introduction and manipula- 
tion of the evaluating Instruments. 


ROENTGENOGRAPHIC METHODS 


The currentlv employed roentgenograph- 
ic methods are those of plain film exam- 
ination, laminography, barium swallow 
study, and examination of the positive con- 
trast coated larynx and pharynx (laryngo- 
pharvngograph y). 


* Presented at the Forty-eighth Annual Meeting of the American Radium Society, Phoenix, Arizona, April 13-16, 1966, 
From the Department of Radiology, Medical College of Virginia, Richmond, Virginia. 
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Plain Film Examination and Laminogra- 
phy. Plain film examination, as emphasized 
by Coutard in 1922? and laminography of 
the neck, introduced by Leborgne*? in 
1940, are highly informative as regards the 
integrity of the calcified cartilages of the 
neck. The extent of soft tissue information 
obtainable by these methods, however, 1s 
limited in that an air and soft tissue inter- 
face is required for definition. These stud- 
ies also have limited usefulness in render- 
ing information concerning the functional 
integrity of the larynx and pharynx. 

Barium Swallow Study. Observation and 
recording of the dynamic act of swallowing 
yield both functional and structural in- 
formation concerning the larynx, pharynx, 
and the cervical esophagus. The recent 
introduction of cineroentgenographic and 
television tape recording has greatly in- 
creased the effectiveness of this method, 
allowing more careful study of rapid move- 
ment. 

Laryngopharyngography. The excellent 
depiction of the anatomic structures of the 
pharynx and larynx with positive contrast 
coating was noted as early as 1918 by 
Jackson? and later by Fariñas, in 1942.7 
A diagnostic roentgenographic study using 
this method of investigation specifically 
was described in 1948 according to Di 
Gugliemo. This modality was introduced 
in the United States in 1957 by Powers 
et uuo 

Of the roentgenographic methods avail- 
able to examine the larynx and pharynx, 
the positive contrast coated examination 1$ 
the most informative, and when combined 
with plain film examination and barium 
swallow study constitutes a complex yield- 
ing very valuable information of the struc- 
tural and functional alterations which may 
be encountered in malignancies of the 
larynx and pharynx. 

Detailed descriptions of the technique of 
performance of laryngopharyngography 
have been given elsewhere.? A brief de- 
scription of the technique emphasizing 
certain aspects of this study is as follows: 
Thorough explanation of the maneuvers to 
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be performed is generally necessary to as- 
sure understanding and cooperation of the 
patient. Very apprehensive patients may 
need mild sedation, but usually none is 
required, Atropine sulfate must be used in 
fairly large quantity. An amount sufficient 
to give thorough drying of the mucous 
membranes is a prime prerequisite to a 
satisfactory study, allowing more com- 
plete contact with the dried mucosa of 
anesthetic and later of liquid positive con- 
trast agent. Our routine calls for an initial 
dose of 1.2 mg. of atropine sulfate given 
intramuscularly 4§ minutes before the 
procedure. If after 45 minutes the drying 
effect is still not adequate, an additional 
o.8 mg. of atropine sulfate is given intra- 
venously. Following topical anesthesia ot 
the oro-laryngopharynx, larynx, and upper 
trachea, liquid positive contrast material 
(dionosil oily)* 1s dripped into the posterior 
oro-pharynx, pyriform sinuses, and larynx 
by means of a flexible curved metal cannula 
attached to a syringe with the patient sit- 
ting upright. In spite of adequate anes- 
thesia, at this point the patient is definitely 
aware that a foreign material 1s present in 
the pharynx and larynx, and must be in- 
structed not to cough or swallow. 

When the coating of surfaces by contrast 
agent is satisfactory, spot roentgenograms 
and cineroentgenographic recording are 
made in frontal, lateral, and oblique pro- 
jections during quiet breathing (with the 
cords abducted), phonation (with the true 
cords adducted), Valsalva maneuver (with 
the glottis closed), and modified Valsalva 
maneuver (blowing against pursed lips to 
balloon the pharynx). A cineroentgeno- 
graphic recording of rotation of the neck 
through 180° allows a tangential view of 
all aspects of the coated surfaces. 

The procedure is contraindicated when 
the disease has compromised the airway. 
In such circumstances mild tissue reaction 
to the agents used may be sufficient to 


* Dionosil Oily is the registered trademark for propyliodone 
aif suspension manufactured by Glaxo Laboratories Ltd., Green- 
ford, England, 
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lic, 1. Case r. 4) Frontal and (B) lateral roentgenograms of positive contrast study. Rounded exophvtic 


€ 


mass of the right true vocal cord projecting inferiorly (single arrows). Tumor crossing the midline anteriorly 
obliterates the anterior portion of the immediate subglottic area (open arrow in 8). 


precipitate severe respiratory distress. 
These patients should have tracheostomy 
prior to the procedure. 


REPORT OF CASES 


CASE I. A 45 year old male was seen in Sep- 
tember, 1964, with a history of intermittent 
hoarseness and voice fatigue of 6 months’ 
duration, progressing throughout the day with 
voice use. He denied any weight loss, loss of 
appetite or difficulty in swallowing. In the past, 
he had smoked one plus package of cigarettes 
per day for 15 years. Ingestion of alcoholic 
beverage had been averaging four-fifths quart 
per week for 20 years. 

Pertinent Physical Examination. Except for a 
hoarse, raspy voice, there was a normal ex- 
amination. There were no palpable lymph nodes 
in the neck. 

Indirect Laryngoscopy. This was essentially 
negative with the right true cord demonstrating 
an irregular border; the upper surfaces and 
ventricles of Morgagni were normal, A biopsy 


from the free border of the right cord showed 
squamous cell epithelioma. 

Laryngopharyngography. September, 1964. 
(lig. 1, 4 and B). There was tumor infiltrat- 
ing the right true cord with some irregularity of 
the free border and exophytic, somewhat 
pedunculated tumor extending into the sub- 
glottic space but attached to the cord. There 
was diminished right cord motilitv; the ven- 
tricles of Morgagni were preserved bilaterally. 
Stage 1i Ts No Mo. 

Treatmeat, The patient was referred for radia- 
tion therapy and received 7,000 r mid-larynx 
tumor dose through lateral opposing ports in 35 
days, terminating in November, 1964. 

Follow up. Yo date, the patient 1s alive and 
well without evidence of recurrent disease. 


Case 1r. This 67 year old female was seen in 
August, 1964, with a history of progressive 
blindness due to cataracts over the past 16 
vears; she also noted inability to eat solid foods 
2-3 months ago and has had excessive oro- 
pharyngeal secretions and drooling. There was a 
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30 pound weight loss during the past 3-4 
months due to dysphagia. There had been no 
bleeding from the throat area but an inter- 
mittent swelling of the neck had been noted for 
the past 2 months. The patient dented smoking 
or drinking alcoholic beverages. 

Pertinent Physical Examination. The patient 
appeared older than the stated age. There was a 
rather firm, fixed 3X4 cm. mass in the right 
submandibul ar area. The neck was supple with 
palpable lymph nodes in the anterior cervical 

chain. 

Pathology. Although no records of an endo- 
scopic examination could be found, a biopsy re- 
port of tissue from the left pyritorm sinus 
stated, "Poorly differentiated. squamous cell 
epithelioma." 

Laryngopharyngography. (Fig. 2). A bulky 
tumor with ulceration extended from the mid 
left arvepiglottic fold to the postericoid area. 
There was fixation of the left true cord, and no 
movement of the left arvtenoid was noted. The 
left pyriform sinus was partially obliterated by 
the tumor involving its anterior aspect. Stage 
IV; Ta No M o. 

Treatment. Gastrostomy and tracheostomy. 
Radiation therapy: 6,000 rads were delivered 
through lateral opposing ports to the neck, 
lymph nodes and tumor site in 33 treatment 
days, being completed in October, 1964. 

Follow up. The patient was lost to follow up 
for several months, but was seen in November, 
1965, 13 months after radiation therapy, when 
progression of the tumor was noted. Since that 
time, the patient has again. been lost to follow 
up. 


Case nr. This 44 year old female was first 
seen In July, 1962, with a complaint of episodic 
sore throats for the past 7 months, and difficulty 
in swallowing of 6 weeks' duration. She had also 
had intermittently a mild earache radiating 
from the throat on the left. 

Pertinent Physical Examination. Vhere was a 
single palp able mobile lymph node in the an- 
terior cervical chain at the level of the thyroid 
cartilage on the left, Otherwise, nothing re- 
markable was found on examination. 

Laryngoscopy. July 18, 1965. Direct and in- 


direct: There was noted an exophytic tumor of 


the epiglottis and left arvepiglottic fold extend- 
ing into the valleculae at the base of the tongue 
and into the pharyngeal lumen precluding ex- 
amination of distal points. 
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lio: 5 
contrast studv. Lobulated tumor mass extends 
from mic-arvepiglottic fold above to postericoid 
area below (arrows). 


Case m., Lateral roentgenogram of positive 


Laryngopharyngography. July 21, 1965. (hig. 
3, £ and B). There was an exophytic tumor re- 
placing the epiglottis extending proximally 
along the aryepiglottic folds, more so on the 
left. The valleculae were filled with tumor mass. 
The pharvngeal surface of the epiglottis was 
covered by tumor. Distally the pyriform sinuses 
were mobile and free. The laryngeal surface of 
the epiglottis was free of tumor. The true and 
false cords were edematous but moved well. 
The postcricoid area was normal. Stage ui; T3 
Ni Mo. 

Treatment. The patient had 2,400 rads pre- 
operative irradiation to the pharynx through 
lateral ports and on August 13, 1965 underwent 
a supraglottic pharyngectomy, partial glossec- 
tomy and left radical neck dissection. 

Follow up. The patient was last seen in 
March, 1966, and was doing well without evi- 
dence cf tumor and gaining weight. 


Case 1v, This 57 year old male was seen in 
March, 1963, when he had noted pain on cough- 
ing and swallowing for the past 4-6 months, as- 
sociated with a persisting nasopharyngitis. He 
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Case 11. (4) Frontal and (B) lateral roentgenograms of positive contrast study. Exophytic tumor re- 


placing epiglottis extends to fill the valleculae and along the pharyngeal surface of the epiglottis and proxi- 


mal arvepiglottic folds (arrows). 


had had hemoptysis intermittently for the past 
IO davs. No hoarseness or weight loss was 
noted. In the past, he had smoked one pack of 
cigarettes per day for 30 years. He had drunk 
socially 2-3 highballs on the weekend for 20-30 
vears. 

Pertinent Physical Examination. Lymphoid 
hyperplasia of the posterior pharynx with post 
nasal discharge was noted. The patient had 
fetor oris. The neck was supple with no palpable 
masses or lymph nodes. 

Laryngoscopy. Direct and indirect: There was 
a friable, bulkv exophytic tumor extending into 
the right pyriform sinus from the arvepiglottic 
fold on the right. 

Laryngopharyngographv. April, 1963. (Fig. 
44), There was a bulky exophytic tumor in- 
volving both walls of the right pyriform sinus. 
The postcricoid area was free of tumor. The 
true and false cords were normal and moved 
well, Stage 11; Ts No Mo. 


Ireatineut. Vhe patient had radiation therapy 
to the neck area encompassing the tumor 
through lateral ports; 6,600 rads was given to 
mid-plane pharynx in 33 treatment days, ter- 
minating in June, 1963. 

Post Therapy Laryngopharyngography. Febru- 
arv, 1966. (lig. 48). Essentially normal study 
with the pyriform sinus ballooning well on 
pressure maneuver (modified Valsalva maneu- 
ver). 

Follow up. The patient has shown no recur- 
rence of disease to date. 


RESULTS 


Full utilization of the roentgenographic 
modalities of examination in 105% consecu- 
tive cases of cancer of the larynx and/or 
pharynx at the Medical College of Virginia 
from April, 1963 to March, 1966, has 
allowed more complete evaluation of the 
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lic. 4. Case iv. (4) Aprii, 19063: Positive contrast study done rior to roentgen-ray therapy. Frontal projec- 
. " ^ k 7 a J * s 7 * n Pi . - + AS 
tion of ballooned pharynx in modified Valsalva maneuver (blowing against puffed cheeks). Left pyriform 


sinus distends normally. Right pyriform sinus not distensible anc. replaced by extensively ulcerated mass. 


y 


(B) February, 1966: Positive contrast study in frontal projectior of modifed Valsalva maneuver done 2 years 
8 months after completion of roentgen-ray therapy. No evidence of tumor recurrence. The right pyriform 
sinus is reformed and covered with smooth mucosa and has a mocerate degree of distensibility. 


lesions in locations relatively inaccessible to 
other forms of study (Fig. 1, 7 and 5; 
and 2). 

The inferior extent of bulky lesions and 
the structures hidden from endoscopic view 
by the volume of the lesion have been 
readily demonstrated (Fig. 3, // and 5). 

Instances of limitation of jaw or tongue 
mobility have not prevented adequate 
roentgenographic examination. 

Complete roentgenographic examination 
in all these cases has provided a visual 
guide to therapy, and has established a 
firm document for follow up study in eval- 
uation of the results of therapy (lig. 4, -Z 
and B) and in evaluation of the possibility 
of recurrent disease. 


SUMMARY 


Proper management of patients with 
cancer of the larynx or pharynx requires 
complete information regarding the extent 
of the disease. 


The clinical methods of evaluation of the 
primary lesions as recommended by the 
Joint Committee of Cancer Staging and 
End Result Reporting are reviewed. 

Emphasis is placed on the full utilization 
of the roentgenographic modalities of clin- 
ical evaluation, including study by positive 
contrast coating of the larynx and pharynx 
(larvngopharyngography). 

The method of laryngopharyngography 
is briefly described. 

The advantages of full roentgenographic 
study wich illustrations of selected cases 
from the records of the Medical College ot 
Virginia cre presented. 


T. R. Howell, M.D. 


Departmen: of Radiology 
Medical Ccllege of Virginia 
Richmond, Virginia 23219 


REFERENCES 
1, Brochure. Clinical staging system for cancer of 


larynx. Joint Committee on Cancer Staging 
and End Results Reporting. June, 1962. 


144 


2. Brochure. Clinical staging system for carcinoma 
of larynx (nasopharynx, oropharynx and hy- 
popharynx). American Joint Committee for 
Cancer Staging and End Results Reporting. 
May, 1965. 

3. Courarp, H. Note preliminaire sur la radio- 
graphie du larynx normal et du larynx can- 
cereux. 7. belge de radiol., 1922, 15, 287. 

4. FaRINAS, P. L. Mucosography of respiratory 
tract. Radiology, 1942, 39, 84-87. 

5. Jackson, C. Bronchial tree: its study by insuf- 
flation of opaque substances in living. Am. J. 
ROENTGENOL, 1918, 5, 454-455. 

6. LesnorGne, F. Tomography study of cancer of 
larynx. Am. J. RoeNTGENOL. & Rap. THERAPY 


T. R. Howell, G. A. Gildersleeve and E. R. King 


January, 1968 


1949. 45 4937499. 

7. Lesorene, F. Cancer Laringeo-Estudio Radio- 
ldgico. Barreiro y Ramos, Montevideo, Uru- 
guay, 1943. 

. Pasrore, P. N., May, M., and GILDERSLEEVE, 
G. A. Laryngo-pharyngogram as diagnostic 
aid. Laryngoscopy, 1964, 74, 723—733. 

9. Powers, W. E., McGee, H. H., Jr., and SEa- 
MAN, W. B. Contrast examination of larynx 
and pharynx. Radiology, 1957, 68, 169-178. 

10. Powers, W. E, Horz, S., Ocura J., Ert, 
B. L., and McGavran, M. H. Contrast ex- 
amination of larynx and pharynx. Aw. J. 
KokgmrGENOL., Rap. TukgRAPY & NUCLEAR 
Mep., 1961, 86, 651-660. 


prs 








Vor, 102, No. I 


HEAD IMMOBILIZATION UNIT IN AID OF HEAD 
AND NECK TUMOR TREATMENT* 


By YUNG H. SON, M.D.t 


CHARLOTTESVILLE, VIRGINIA 


EPRODUCTION of the patient's po- 

sition 1s essential, particularly in treat- P 1 Ear-Piece 

ing head and neck tumors. In 1963, Perez- S. | 

Tamayo and Seibert! introduced a unit 
suitable for this purpose. 

The author presents an improved model 
easily attachable to a treatment table cur- 
rently available (Fig. 1). 

While the patient’s head rests comfort- 
ably on a cushioned head-rest each of two 
ear-pieces 1s introduced into the external 
auditory meatus. Once the patient's head 
is maintained in a desired position, a nose- 
piece 1s brought to rest on the nasion. This 
nose-piece may be used as a chin-holder. 
Two toggle clamps on a swivel extension 
arm will hold a port film cassette. After a 
port film has been exposed, the arm mav be E : 
swiveled out of the beam pathway (Fig. 2). i i Head-Rest 

This unit has proved expeditious and | 
useful in accurate reproduction of posi- | 
tioning the patient's head. Mig. 1. 





Cassette-Hoider 





Unit in Use 


]- 64:55 
* From the Department of Radiology, University of Virginia School of Medicine and University of Virginia Hospital, Charlottes- 
ville, Virginia. 


T Assistant Professor of Radiology, University of Virginia School of Medicine, 
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SUMMARY 


An improved head-immobilizing unit is 
presented. 

Its versatility, easy applicability, com- 
fort and built-in cassette-holder are defin- 
ite advantages over the existing unit. 
Department of Radiology 
University of Virginia Hospital 
Charlottesville, Virginia 22901 


Yung H. Son 


Janvary, 1968 


I wish to thank Mr. E. F. Spenceley of 
Research Laboratory for the Engineering 
Services at the University of Virginia for 
building the unit to the specifications. 
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THE SURGICAL TREATMENT OF CANCER OF THE 
CERVIX: STAGE I AND II* 


By ALEXANDER BRUNSCHWIG, M.D. 


NEW YORK, NEW YORK 


HE answer to the question, which is 

the preferred treatment for cancer of 
the cervix, surgery or radiation therapy or 
a combination of both, cannot be given 
simply by comparing statistics from one 
institution pursuing a radiation therapy pro- 
gram with another one pursuing a surgical 
program. Time should no longer be wasted 
in belaboring such comparisons. 

The purpose of this report 1s to review 
the experiences obtained in as purely 
surgical program as is feasible to carry out 
in a clinical center today. The series pre- 
sented is the largest modern surgical series 
so far recorded and this was possible be- 
cause at the outset of the program the 
policy of regarding all cases as purely sur- 
gical problems was formally established. 
Among the 1,087 patients not previously 
treated 800 patients were operated upon 
"to cure." Eight hundred and seventy-one 
received laparotomy, g received no treat- 
ment, § consultation only, and $3 refused 
operation; 149 received radiation therapy 
only for various reasons, Half of these were 
in Stage r and irr and half were in Stage ni 
and iv. These patients would have been 
operated upon except for a varietv of ex- 
traneous reasons. 

The question of classification is clarified 
in this series because the cases are recorded 
according to the Surgical Pathological 
Classification which is based upon the 
study of the excised specimens and pelvic 
lymph nodes. While in all cases, the pelvic 
lymph nodes were not excised, they were 
removed in most of them, Me when not 
removed, a gross evaluation of the presence 
or absence of metastases was possible at 
laparotomy (with frozen sections, as called 


for) or by direct palpation of the pelvic 
walls if a radical vaginal hysterectomy or 
classical Wertheim operation was done. 
Where only pelvic examination is carried 
out prior to institution of radiation ther- 
apy, the classification 1s subjective. Like- 
wise the newer T+ or —, N+ or — system 
recently mentioned in the literature can be 
followed only if there is a surgical speci- 
men. In cases treated by radiation therapy 
there are no surgical specimens, therefore 
classification is purely subjective. 





RESULTS 


In conformity with the subject of the 
Panel Symposium, results in patients class- 
ified as Stage 1 and Stage 11 only are re- 
ported. It is the custom on the Service at 
Memorial Hospital first to classify all pa- 
tients upon pelvic examination by follow- 
ing the rules listed in the Annual Report.' 
After the operation and return of the sur- 
gical pathological report, the case is classi- 
fied accor ding to the Surgical Pathological 
Classification.’ In Table 1, $gr patients 
staged as I or H are classified according to 
the surgical and pathological scheme. It 
is immediately noted how inaccurate pelvic 
examination is in permitting a true evalua- 
tion of the extent of cervix cancer. Among 
the 279 patients called Stage 1 only in 179 
(64 per cent) did gross and microscopic 
study of the specimens reveal that cancer 
was indeed limited to the cervix. Also, 
among 312 patients called Stage 11 on 
clinical examination onlv 220 (68 per cent) 
were found to be actually limited to the 
cervix and immediate environs (Classes 
A, B, C, CN). 


An interesting side-light afforded by the 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
Part of Panel Symposium: Management of Stage 1 and 11 Carcinoma of the Uterine Cervix, Chairman, Gilbert H. Fletcher, M.D., 


Houston, Texas. 


This study was facilitated by Grants from the James S. and Marvelle Adams Foundation, Greenwich, Connecticut; the Martin H. 
Crego Memorial Fund, donated by Jean Crego, New Canaan, Connecticut; and the Anne Wagner Foundation, Amarillo, Texas. 
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TABLE I 


CORRELATION OF 


FIVE YEAR RESULTS 


Surgical Program for Cancer of Cervix Classified According to International 
Clinical and Surgical Pathological Schemes 








Surgical Pathological Classification 


A Cervix only 

B Extension to fornices 

C Extension to parametria 

CN Same with positive parametrial lymph nodes 

D Positive lymph nodes at periphery of pelvis 

DC Same with positive parametria 

E Bladder, rectal, ureteral involvement 

EN Same with positive lymph nodes 

FN Pelvic wall or floor involvement with positive 
lymph nodes 


Total 


above method of classification on the host 
tumor relationship in that among 179 
"true" Stage I cases 1§1 survived § years 
(84 per cent), whereas among 51 cases 
clinically staged as 11 because of clinical 
impression of “parametrial infiltration” 
but whose specimens still showed the can- 
cer limited to the cervix (Class A), the 5 
year survival was 37 (57 per cent). A 
possible explanation for this is that the 
more “virulent” or "aggressive" neoplasms 
from their initial inception stimulate a 
more violent host reaction, as evidenced by 
inflammatory thickening in the parametria. 

As previously pointed out, the surgeon 
has Io operations from which to choose in 
attacking cancer of the cervix.? The choice 
depends upon his own estimations of pa- 
tient-risk and size of the lesion. Six hundred 
and twenty-eight cases staged as I and II 
are summarized in Table 1x. These include 
37 patients not included in Table 1 because 
having received preoperative radiation 
therapy the specimens were reported as 
negative for cancer (they all had positive 
biopsies prior to radiation therapy). No 
patient had pelvic lymph node excision 
only, the tenth type of operation, in this 
series. The results achieved with the con- 
servative operations, f.e., excision of can- 


Clinically Called | Clini Cal 
inically Ca inically Called Totals 





Stage II 
151/179 37/51 188/230 (82%) 
39/49 70/114 109/163 (66%) 
4/7 19/39 23/46 (50%) 
2/5 5/16 7/21 (3390) 
14/24. 13/27 27/51 (5390) 
5/11 9/35 14/46 (30%) 
o/1 6/17 6/18 (3390) 
o/1 2/5 2/6 (3390) 
1/2 0/8 1/10 (10%) 
216/279 161/312 377/591 (63.8%) 

(77-490) (51.6%) 


cerous stump, radical vaginal hysterectomy 
(Schauta), classical Wertheim operation 
(not a radical operation by modern stan- 
dards) and total hysterectomy, reveal that 
among 94 patients there were 61 five year 
survivors (65 per cent). 

Among 32 patients who received an ex- 
enterative procedure there were 14 (44 per 
cent) five year survivors. This result, ex- 
pressed in terms of type of operation con- 
trasts with the five year survivors of 9 
among 34 (36 per cent) expressed in terms 
of extent of disease (Classes E, EN, EN), 
indicating that in some instances exentera- 
tions were performed when they possibly 
need not have been and that in other in- 
stances they were not performed when they 
perhaps should have been. 


 LYMPHADENECTOMY 


One of the advantages of the surgical 
treatment of cancer of the cervix is the 
possibility of pelvic lymph node and fatty 
fibrous tissue excisions which remove metas- 
tases when they are present and thus 
afford a chance for cure if cancer has not 
spread beyond. Among the 591 cases 
staged 1 and r1 there were 180 instances of 
cancer spread into the parametria, para- 
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Cancer of the Cervix, Stage I and H 
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Tassie HI 


E YEAR SURVIVORS, STAGE LAND H (COMBINED) 


Types of Operation 





Total Hysterectomy 


Classical Wertheim Operation (no positive lymph nodes) 


Radical Vaginal Hysterectomy (Schauta) 
Radical Hysterectomy + Lymph Node Dissection 


Excision of Cervical Stump + Lymph Node Dissection 


Excision of Stump Only 
Posterior Pelvic Exenteration 
Antertor Pelvic Exenteration 
Total Pelvic Exenteration 


Total 


| 

| 

| 

| 26/ 40 (65%) 
| 296/444 
| 

| 


(66.7%) 
38/58 (65.5%) 
2/2 
i 2/ 
| 10/26 ? 14/32 (44%) 
| DUE 


i 
coast f m Fi 


9) 16284 = = 65% 


* eee 37 cases on negative specimen after preoperative den PAN 


metrial lymph nodes, lymph nodes at the 
periphery of the pelvis and into bladder or 
rectum with pelvic lymph node metastases 
(Classes C, CN, D, DC, EN, FN) with 74 
five year survivors (41 per cent). In pa- 
tients who receive radiation therapy alone, 
it is impossible to evaluate directly the 
effect upon lymph node metastases. The 
achievement of 41 percent five year salvage, 
where in this series positive pelvic lymph 
nodes were confirmed by histologic study 
and including 16 cases of adjacent organ 
invasion as well, testifies to the value of 
lymphadenectomy. 

The statement has been made that 
lymphadenectomy is futile if there are 
lymph node metastases present after “‘full 
irradiation.” What “full irradiation” means 
cannot be adequately defined but in the 
Memorial Hospital surgical series for treat- 
ment of recurrent cancer of the cervix 
following radiation therapy alone, conser- 
vative surgery and radiation therapy, and 
surgery alone (13 cases), there were 182 
instances of pelvic ly mph node metastases 
with 19 five year survivors (10 per cent). 
This certainly is far from satisfying, but 
even here the situation is not hopeless and 
certainly does not warrant the view that 
lymphadenectomy adds nothing if there are 
positive pelvic lymph nodes after radiation 
therapy failure. 


THE COMBINATION OF SURGERY 
AND RADIATION THERAPY 


Because of the firm establishment of 
radiation therapy for cancer of the cervix, 
the re-emergence of surgery in the field has 
been slow and limited. Considerable ex- 
perience has been recorded in the com- 
bined use of surgery and radiation therapy, 
especially for patients in Stage 1 and 1. 
As yet there is no unequivocable evidence 
that such combinations have definite ad- 
vantages. Indeed there may be disadvan- 
tages. Certainly the clinical results do not 
indicate that the patients receive "the 
best of surgery plus the best of radiation 
therapy." 

In the management of the 800 patients 
referred to here, it was not always possible 
to exclude preoperative or postoperative 
radiation. therapy because: (I) patients 
would be admitted who had had radiation 
therapy "to cure" within 6 months else- 
where. These were empirically classified as 
having had "preoperative" radiation ther- 
apv, and were then operated upon accord- 
ing to the usual procedure; (2) some staff 
members felt that in the operation they did 
or supervised in which pelvic lymph node 
metastases were excised, the patients 
iie benefit Dy Eh ste deae Bo Hn 
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§ YEAR RESULTS OF SURGICAL TREATMENT OF CANCER OF CE RVIN RELATED TO PELVIC 





LYMPH NODE METASTASES AND ASSOCIATED RADIATION THERAPY 





| Surgery + Associated Radiation Therapy* 
Surgen Oriy , Some Preoperative Radiation Therapy 
i , Some Postoperative Radiation Therapy 
Some Pre- and Postoperative Radiation Therapy 
PC NET M 9 iM p eee P 
Negative Lymph | Positive Lymph Negative Lymph | Positive Lymph 
Nodes Nodes Nodes | Nodes 
NR A VEN EE NONE a TEE > ie 
Stage | | 370/204 (83%) | -7/18 (39%) 25/32 (78%) | 14/25 (56%) 
hi “yee i i f — m FA CF % 1 Ye p “y m * Auf à pf / dl Dd 5j 2 ie s iy E 
stage ll. | 105/177 (60%) | 12/45 (28%) 27/44 (5105) | 17/48 (33%) 
fer : i "i i UN E m " Tu ^ | t n » FUP Tj ^ | " N y i e ee ee -_ 
l'otal | 275/381 (74.570) | 19/61 (3195) | 52/76 (68.4%) 31/73 (42.4%) 


All cases 294/442 = (66.2%) 


* All cases had cancer in excised specimens, 


not in accord with "policy." The result, 
however, was the development of two 
series, one large (444 cases) and one less 
extensive (186 cases) in which surgery 
alone, and surgerv in combination with 
radiation therapy were used, all operations 
being done in the same institution. The 
results are summarized in Table mr. In 
this study no benefits could be demon- 
strated by combination of radiation ther- 
apy with surgery if all cases are included. 
However, in a small selected group, że., 
those called Stage 1 with positive lymph 
nodes, there is indication that postopera- 
tive radiation therapy may have afforded 
an increased § year salvage, but this entire 
series comprises only $3 patients. 


DISCUSSION 

A series of 628 patients clinically staged 
as I Or II were treated surgically and this 
study, within the parameters described, 
would seem to qualify as a yardstick for 
what modern surgical treatment under 
usual clinical conditions for cancer of the 
cervix can accomplish. The factor of com- 
plementary radiation therapy, unavoid- 
ably for reasons given, also was employed 


e 307 


| 83/149 = (55.7% 
Including 37 cases sterilized by preoperative 


radiation therapy, of whom 32 survived 
§ years: 


115/186 = 61.8% 


in 186 cases-—30 per cent of the series. 

The results here recorded cannot be 
compared with the results achieved else- 
where by a purely radiation therapy pro- 
gram. The reasons are: 

(1) The factor of selection of patients is 
a very real one and is not uniform from one 
center to another. 

(2) The inclusion of carcinoma zn situ 
is widespread and cannot be ruled out. 

(3) Clinical examination with staging is 
highly subjective and where comparisons 
are made between clinical staging and 
pathological verification of the extent of 
the cancer, a 30 per cent error in the latter 
is documented (in this series), etc. 

The conception of radical surgery for 
cancer of the cervix had been relegated to 
obsolescence over a period of about 3o 
years among gynecologists, who first see 
these patients, so that the idea of operating 
upon them has become regarded as a 
“heresy.” 

Actually there is no justification for this 
until it has become unequivocally proved 
that radiation therapy is superior in every 
way and in each patient to surgery. The 
mortality for surgery in Stage 1 and i1 has 
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been reduced to 1.6 per cent, practically the 
same as for radiation therapy. 

In the author's opinion there is still no 
basic reason why radical excision of a 
cervical cancer together with pelvic lymph 
nodes should not be the preferred treat- 
ment for any given case of cancer of the 
cervix Stage 1 or n. Mitigating circum- 
stances could include advanced age, med. 
ical complications, marked obesity, etc., 
where radiation therapy may be indicated. 
Also, in women still in their twenties or 
thirties, the preservation of ovarian func- 
tion is highly desirable and by appropriate 
radical operations the cancer and adjacent 
lymph node group can be widely and ade- 
quatelv excised preserving both ovaries. 
The assurance to vounger patients that 
preservation of their functioning ovaries is 
possible constitutes an important factor 
in maintenance of morale, to say nothing 
of the preservation of the flexibilitv of the 
vagina. 

At present, it is to be admitted, that the 
training facilities for the radical surgical 
management of cancer of the cervix are 
limited indeed, and therefore the number 
of patients to be treated in this manner is 
restricted. However, interest in the surgi- 
cal management is gradually increasing 
throughout the world, in particular for 
selected good risk subjects with lesions in 
Stage I and u, and in some form of com- 
bination with radiation therapy. 


SUMMARY 


1. The results of a surgical program in 
the treatment of cancer of the cervix in 
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Stage 1 and 1r are reviewed. Two thirds 
were treated by surgery alone; one third 
were operated upon according to the same 
principles but, unavoidablv, received. asso- 
ciated radiation therapy. The over-all re- 
sults showed no improvement in the com- 
bined series over the purely surgical series: 
the surgical procedures in the combined 
series were carried out in an identical 
manner with the purely surgical series. 

2. The inaccuracies of clinical staging are 
documented by comparison with the Sur- 
gical Pathological Classification of the 
same series of patients in which it was 
shown that about one third of the cases 
showed more extensive disease than sus- 
pected upon clinical examination alone. 

3. Evidence is presented to indicate that 
pelvic lymphadenectomy is of significance 
in augmenting the five year "cure" rate of 
cancer of the cervix. 


Memorial Hospital 
444 East 68th Street 
New York, New York 10021 
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SEQUENTIAL RADIATION THERAPY AND SURGERY 
FOR STAGE I AND STAGE II CANCER OF 
THE CERVIX* 


By DAVID G. DECKER, M.D., 


and REGINALD A. SMITH, M.D. 


ROCHESTER, MINNESOTA 


EE possibility of combining irradia- 
tion and radical pelvic surgery to the 
advantage of the patient with Stage 1 or 
Stage 11 carcinoma of the cervix acquired 
widespread acceptance about 20 years ago. 
Many institutions, including our own, de- 


veloped investigative protocols for the 
studv of this problem. Subsequently, a 
1-3,6—17 


number of reports have appeared. 
In 1965, our group described the results 
in all patients with squamous cell epi- 
thelioma who were treated at the Mavo 
Clinic with irradiation and subsequent 
radical hysterectomy and pelvic lymph 
node dissection.’ In the present report, only 
patients with Stage 1 or Stage r1 lesions are 
considered; besides patients with squa- 
mous cell epithelioma, this includes those 
with lesions of the cervical stump, those 
with adenocarcinoma or adenoacanthoma 
of the cervix, and those who did not re- 
ceive full radiation therapy for various 
reasons. Thus, this report represents all 
patients with Stage 1 or t1 cancer of the 
cervix who were seen for primary therapy 
of their malignancy between January 1, 
1950, and December 31, 1954. 

The initial évalaitian of the patient in- 
cluded a thorough medical history and 
physical examination, The laboratory tests 
comprised those usual to such an evalu- 
ation as well as excretory urography and 
proctoscopic examination. The clinical 
staging of the lesion was done by both a 
gy necologist and a radiation therapist. 


MATERIAL 


1954 a total of 462 
therapv for 


From 1:950 through 
patients received primary 


grade of 


carcinoma of the cervix; 412 had squamous 
cell carcinoma and ṣo had adenocarcinoma 
or adenoacanthoma. All patients were 
Caucasians. Of the total, 114 patients re- 
ceived full irradiation dd radical surgerv, 
173 patients were treated with irradiation 
alone, and $7 patients had surgerv as their 
primary mode of therapy (Table 1). 

Patients selected for combined therapy 
were younger than those selected for either 
of the other modes of therapy (Table 1). 
Early in the program, it was evident that 
patients who were selected for sequential 
radiation therapy and surgery had to be in 
good general health. This meant that all 
those with de ebilitating conditions such as 
diabetes, cardiac or pulmonary diseases, or 
obesity were not considered for such ther- 
apy. As ‘ar as possible, those patients were 
chosen who, after full radiation therapy, 
could telerate radical pelvic surgery. No 
patient was excluded on the basis of age 
alone. 

As expected, almost all of the squamous 
cell epitheliomas were high grade, whereas 
the adenocarcinomas were predominantly 
low grade (Table 11). No specific relation- 
ship could be established between the 
the lesion and survival, as has 
been frequently noted previously, 





THERAPEUTIC REGIMEN 


Radiation Therapy.—in the sequential 
program, the radiation therapy consisted 
of Extend] roentgen or cobalt 60 telether- 
apy administered concurrently, with in- 
tracavetary radium therapy given by the 
intensive civided-dose tec hnique.? The ra- 
dium applications were made twice weekly 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
Part of Panel Symposium: Management of Stag ie 1 and u Carcinoma of the Urerine Cervix, C haicnian: Gilbert H., Fletcher, M.D., 


Houston, Texas. 


From the Mayo Clinic and Mayo Foundation: Section of Obstetrics and Gynecology. 
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Taste T 
DISTRIBUTION OF 344 PATIENTS WITH CANCER OF THE CERVIX ACCORDING TO TREATMENT 
MODALITY AND STAGE OF LESION 
ccc LC d MN ME EECMCNEEUMONÉ NN i ic ae ese on are m L a aam ee 1a seta LUE pron Apr en EINA TSi 
2 - 7 ap r i ws " ' rye ag $. ~ nt y 
Stage Radi Pod Therap) Radiation Therapy | Surgery Fotal 
| and Surgery | 
Squamous cell epithelioma 
A E oT — NEN M p ; 
1 H rT ep 
I | +4 | 50 | 37 137 
| QGn6y2* |  Gosy | — Gant 
|o Q3-64) | 0979) (00 Qa-68) 
| | | 
" | | 
H | 64 | 104 | 12 | 180 
| (43.6 yr)" | (53.1 yr.)* | (46.3 yr.)* | 
| (27-58) | (21-79) i (33774) 
ae IO TT cel eet eer ERU aan Ee queris RODEO, CORRIPITUR ODE E E MENORES HUE LT E EU 
Total | 108 160 49 | 3157 
Adenocarcinoma 
i | MEM | 4 i 13 
| (6156 vVEJT 
5-67) | 
lI | 3 | 9 2 I4 
| (56. 6-vr.)T 
i (23978) 
Total 6 p 8 | 27 
Total | LIA 173 gs | 344 


* Mean age and age range. 
t Mean age and age range for all patients with adenocarcinoma, 


during approximately a 4 week period. In 
the 3 to 4 days between radium applica- 
tions, the patient was ambulatory. An 
effort was made to obtain homogeneous 
irradiation along the entire birth canal. 
The so mg. platinum filtered tube was 
placed in the proximal portion of the cer- 
vical canal for 10 to 14 hours at each of the 
first two treatments, the posterior wall 
being packed well away from the radium to 
secure protection for the rectum. In the 
third and fourth treatments, also of 10 to 
14 hours' duration, the tube was placed in 
the deeper part of the cervical canal. A 
tandem was introduced into the uterine 
cavity at the fifth radium treatment, two 
zo mg. tubes being used for 20 to 24 hours. 
Roentgen or cobalt 6o therapy, which was 
given concurrently, was omitted on this 
day. The final three treatments were given 


in the vaginal cavity, the ṣo mg. tube being 
enclosed in a plastic cylinder of appropriate 
size. The cvlinder was placed transversely 
first across the face of the cervix, then in 
the right vaginal fornix, and finally in the 
left vaginal fornix; the treatment time in 
each instance was 10 to 14 hours. 

Thus, a complete course of treatment 
for a small lesion in a patient with a small 
vaginal cavity would total about $5,500 
mg.-hr. in 4 weeks; a resistant carcinoma 
would receive a minimum of 7,300 mg.-hr. 
Point A received at least 7,000 gamma 
roentgens, and point B received at least 
2,000 gamma roentgens in a large tumor 
with full dosage. 

For the patients receiving sequential 
therapy, the roentgen therapy was given 
to two anterior and two posterior pelvic 
portals, with midline protection between 
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Taste H 
DISTRIBUTION OF 344 PATIENTS WITH CANCER OF THE CERVIX ACCORDING TO TREATMENT 
MODALITY, GRADE TUROBER RS jd AND STAGE OF LESION 
| Radi ation 1 Therapy a and | Surgery Ra n Therapy | Senes 
Stage = — ——— HM(——— E REPE —— H EESEL — reer eee 
i Grade (0 NO. of LN Grade | No. of Patients | Grade | No. of pue 
i i f | 
Sua naai IA, a A VUE cece RAE | ETES pna c ; Seema Iter nimm i teuren menn rear SEAMA MHIL Pr YE UE e Mer ti tet A A HAMM aii e hit it a ME Mi Ld mennie uie senis mises meme | iei se Hebr t HIE NP i iaiia M P enna 
| Squamous cell epithelioma i 
I | 2 5 | 2 | 8 | 2 p 
| 03 /— | 33 p ox d 39 | 3 22 
| a | 6 | 4 | g | 4 4 
I | 2 | 14 | d | 27 | 2 4 
| 3 | 42 3 | 62 | 3 7 
| 4 | 8 4 | 15 | 4 I 
| j Adenocarcinoma | 
| | | | I | i | i | I 2 
2 | [ 2 P a p 
i | 
| | o3 | i 4 ! 4 3 
I | 1 1 1 3 I 2 
| 2 B 4 O © 
| 4 i* 3 p" O O 
| 6 4 [* Oo o 
Total lig 173 2d 
* One adenoacanthoma. 
adjacent zones. Daily treatments of 200 r and ovaries, follows. The parametrial and 
(air) were delivered at a distance of ṣo to paravaginal tissues are severed as close to 


70 cm. to each of two ports, for a total dose 
of 2,000 to 2,400 r per port, employing 250 
kv. with a half value laver of 1.3 mm. of 
copper. If teletherapy with cobalt 60 was 
emploved, a midplane pelvic dose of 3,500 
to 3,700 r was delivered. 

After the radiation therapy had been 
completed, the patient returned in 6 weeks 
to 3 months-—occasionally longer. Then an 
interim history was obtained and a pelvic 
re-evaluation was made. Routine labora- 
tory tests were obtained, and the patient 
was prepared for operation. 

Surgery.—The technique of radical hys- 
terectomy and lymph node dissection at 
this institution has been described bv 
Welch and associates. Briefly, it consists 
of the complete stripping of areolar, 
lymphoid, and fatty tissue from the com- 


mon, external, and internal iliac vessels, 
the obturator fossae, and the inter i 


femoral ring. This tissue is not removed in 
one segment, nor is it necessarily removed 
en bloc with the uterus. Radical hyster- 
ectomy, including removal of both tubes 


the pelvic walls as possible, and approxi- 
mately 3 to § cm. of vagina are removed. 
After removal of the reproductive organs, 
all surfaces are reperitonealized, utilizing 
the redundant sigmoid colon for part of 
this procedure. 


RESULTS 


Although the § and 10 year survival 
rates of the three groups indicate that 
surgery alone may be the best method of 
therapy for Stage 1 cancer of the cervix 
(Table :11), further analysis reveals that of 
patients with Stage I cancer treated by 
primary surgerv, 18 of 37 were classified as 
having E or very early lesions. 
n were no patients with Stage 1 can- 

er treated bv irradiation and surgery or bv 
iudi ation alone who had microinvasion or 
early lesions. 

If the 18 patients with microinvasion 
are subtracted from the group of 37, the 
survival rate for the remaining 19 patients 
Is ue An cent at E yeurs, or yeas ex. 
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treated with irradiation and subsequent 
radical surgery. 

Of the 37 patients, 32 underwent the 
Wertheim procedure, 3 had total abdom- 
inal hysterectomy, and 2 had vaginal hys- 
terectomy. Eight patients received post- 
operative radiation therapy either to the 
pelvis or to the vaginal vault, or to both. 
There was one operative death. Two pa- 
tients were pregnant: I patient at 4 
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months’ gestation and another at 6 months? 
gestation. 

Of the 5 patients with adenocarcinoma 
and 1 with adenoacanthoma treated by 
surgery primarily, 2 had microinvasion of 
the cervix. Of these 6 patients, 3 underwent 
the Wertheim procedure, 2 had total 
abdominal hysterectomy, and 1 had exci- 
sion of the cervical stump. Four patients 
had postoperative radiation therapy. 


Task IH 


SURVIVAL DATA ACCORDING TO TREATMENT MODALITY AND STAGE OF 


Total No. | 


| Patients 





Patients with squamous cell epithelioma 
Lf 44 | 44 | 39 
(0 (1 stump) | | 
Wo 64 | 64 | 46 
| (3stumps) | 
Patients with adenocarcinoma 
[ 3 : 
IH 3 | 
: (1 stump) | 


Fox fox 
-— m 
-—à 


Patients with squamous cell epithelioma 
Lo 56 | 54 | 36 
-= (6 stumps) 
Ho | 104 | 1032 | 6o 
| (5 stumps) | | 
Patients with adenocarcinoma 


(i stump) | 


fos 
— 


Surgery alone (57 patients) 


Patients with squamous cell epithelioma 
Io | 37 | mm | 3 
|— (2stumps) | 
| (3 stumps) | | 
Patients with adenocarcinoma | 
[ o| 6 ! 6 | 6 
(0 (1 stump) | 
© (1 stump) 


19 
O 


LESION FOR 344 PATIENTS WITH CANCER OF THE CERVIX 


Lived $ Years or More | 
S t age i ot = sn A E S E a mre a ot ; 
| Traced | Alive | PerCent | Traced | 


Radiation therapy and surgery (114 pat 


Radiation therapy alone (173 patients) 


Lived to Years or More 


i 


Alive | Per Cent 
i 


ients) 


88.6 42 | 36 


Q 
© 
© 
fang 2 
S 
=- Q 


94.6 | 37 j 34 | 91.9 


Q 
Oo 
t2 
e, 
© 
o 
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Of the 44 patients treated by irradiation 
and surgery for Stage 1 cancer of the cervix, 
all completed the planned course of irradia- 
tion and underwent radical hysterectomy 
and lymph node dissection. One patient 
was pregnant at 1 month's gestation. There 
was one operative death. 

Of the 3 patients with adenocarcinoma, 
all received radiation therapy as planned, 
with subsequent radical hysterectomy and 
lymph node dissection. 

Of the 56 patients with Stage 1 cancer of 
the cervix treated by irradiation, 2 under- 
went Wertheim procedures that were un- 
successful. One patient had dense adhe- 
sions, and 2 patients had all the aortic 
lymph nodes involved. Various medical 
contraindications to surgery were noted, 
including obesity, hypertension, rheumatic 
heart disease, recent coronary occlusion, 
diabetes, pvometra after the irradiation, 
recent thrombophlebitis, and refusal of the 
patient in 2 instances. Also, a few patients 
did not undergo surgery subsequent to 
radiation. therapy. because of disaffection 
of some of the physicians with the program 
of investigation toward the end of the 
5 year period. No patients in this group 
were pregnant when treated. 

All 4 patients with Stage 1 adenocarci- 
noma of the cervix received adequate radi- 
ation therapy; 1 patient had cardiac failure. 

Ot the 12 patients with Stage 11 cancer 
of the cervix treated with primary surgery, 
6 received postoperative radiation therapy. 
In 1 patient the cancer was confined to the 
cervix, and what clinically seemed to be 
extension was found at surgery to be endo- 
metriosis. One patient had a vaginal hvs- 
terectomy performed because of complete 
prolapse. There were no pregnant patients 
in this group. 

Two patients with Stage n adenocar- 
cinoma were treated by primary surgery. 
One patient received. postoperative radia- 
tion therapy. 

Sixty-six patients with Stage 11 cancer of 
the cervix received radiation therapy and 
surgery according to the sequential plan. 
One of the patients had the radical hvster- 
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ectomy and lymph node dissection per- 
formed at another institution. In 1 patient 
the cancer was associated with pregnancy, 
Two patients had lesions classified as 
radiation resistant because the lesions 
actively grew during radiation therapy. 

One patient with Stage 1 adenocarcinoma 
of the cervix and 2 with adenoacanthoma 
were treated bv sequential radiation ther- 
apy and surgery, 

One hundred and four patients with 
Stage 11 cancer of the cervix were treated 
with radiation therapy alone. Five patients 
in this group underwent Wertheim pro- 
cedures that were unsuccessful, The same 
group of medical difficulties appeared as in 
the Stage 1 group treated bv radiation 
therapy alone but, additionally, severe 
osteoporosis and psychopathic personality 
also were given as contraindications to 
surgerv. 

Six patients with adenocarcinoma and 3 
with adenoacanthoma (all with Stage i 
lesion) were treated with radiation therapy 
alone. One patient was pregnant (2 months), 
1 was schizophrenic, and 1 had a concurrent 
carcinoma of the breast with involved 
axillary lymph nodes. 


COMPLICATIONS OF THERAPY 

The incidence of complications resulting 
from treatment was an important factor 
in the evaluation of the program. The com- 
plications resulting from the use of sequen- 
tial radiation therapy and radical surgery 
are shown in Table iv. Only major compli- 
cations are listed. There was 1 operative 
death in this group. No deaths were di- 
rectlv related to radiation therapy. There 
were 16 patients with problems of the 
urinary tract. The over-all incidence of 
urinary tract fistula was 7.4 per cent. Mas- 
sive, brawny lymphedema of the legs and 
pelvis was seen in 14 of the 108 patients. 
This was a peculiarly disabling condition 
that was chronic and most difficult to 
treat; rarely did it completely resolve. 
Edema of a minor degree was not included 
since some edema was seen in almost all 
patients. Nor was the postoperative loss 


Taste IV 


LESION IN 344 PATIENTS WITH CANCER OF THE CERVIX 


Stage Vascular 


I (14 patients) 


8 lymphedema 


I postoperative phlebitis 


I infected hematoma 


X 4 lymphocysts 
H (11 patients) 
6 lymphedema of legs, thighs, 
pelvis 
2 lymphocysts 


2 deep thrombophlebitis 


I pelvic cellulitis 


ET C EM co aa aO OS None 


II None 


I (4 patients) 
2 lymphocysts 
2 lymphedema 
(3 patients) 


2 lymphedema 


1 deep thrombophlebitis 


Genitourinary 


Intestinal 


Radiation Au ELE utu co uui A o trier and surgery (114 patients) 


(4 patients) 


I nephrectomy, vesicovaginal 
fistula 


I right ureteral stricture 


2 urinary retention, severe, 
chronic 


(12 patients) 


4 vesicovaginal fistulas 


2 rectovesicovaginal fistulas 


I ureterovaginal fistula 


2 ureteral repair, postoperative 
I ureteral stricture 

I left nephrectomy for ureteral 
obstruction 


1 bilateral ureteral obstruction 
with WM een eT cr cid ee 


(2 patients) 
I postoperative evisceration 


I massive bowel hemorrhage 
with death 


(7 pat ents) 


I volvalus of cecum, postoper- 
ative 


1 intestinal obstruction, post- 
operative 


3 bowel obstruction, postoper- 
tive 


I rectovaginal fistula 


1 radiation ulceration with re- 
section of sigmoid 


Radiation OE" ee UE | = ++. = alone (170 aa a So a ae at aa ee 


(2 patients) 


I urethral stricture 


I factitial cystitis 
(4 patients) 
3 factitial cystitis 


I injury to ureter with 
nephrectomy 


(2 patents) 


2 factitial enteritis requiring 
colostomy 


(5 patents) 
4 factitial proctitis 


1 factrtial sigmoiditis requir- 
MES REIR: Lisci ANNO Socios RENE bowel resection 


Surgery SS "^c c NM CMM (57 patients) 


None 


(1 patient) 


I left hydronephrosis and non- 
functioning right kidney 


(1 patent) 


I chronic ileus 


None 


COMPLICATIONS OF THERAPY ACCORDING TO TREATMENT MODALITY AND TYPE OF 


Other 


None 


(a patients) 


I psoas abscess 


I pelvic abscess 


None 


(r patient) 


I radionecrosis right 
hip with fracture 


None 


None 


M M ——— A S E —— € e M eae —À——ÀÓ re U 
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of bladder sensation considered a major 
problem because sensation usually re- 
turned in 6 months to 1 year. 

Table tv lists the major complications 
after radiation therapy alone; the factitial 
changes noted were only those severe 
enough to require prolonged active therapy., 
Table 1v also delineates the complications 
after primary surgical therapy; there was 
also one operative death in this group. 

Thus, the incidence of major compli- 
cations after sequential radiation therapy 
and surgery was 48.1 per cent (108 patients 
had $2 complications). After radiation 
therapy alone, 160 patients had 14 major 
complications, an incidence of 8.7 per cent. 
After surgery alone, 49 patients had g 
major complications, an incidence of 18.4 
per cent. 


SEQUENTIAL RADIATION THERAPY 
AND RADICAL SURGERY 


If there is an advantage to combining the 
two major treatment modalities it should 
be evident in those patients salvaged by 
surgery when residual disease was found 
after radiation therapy was given (Table 
v). Twenty patients had what appeared to 
be active disease in the cervix or the pelvic 
lymph nodes after radiation therapy. Nine 
of these patients were salvaged. But, 3 
patients with Stage 1 cancer and 6 patients 
with Stage 11 cancer who did not have 
residual disease at radical surgery died 
from recurrent carcinoma of the cervix 
within 6 years of the start of therapy. 


COMMENT 


This presentation 1s a study of frustra- 
tion in clinical experimentation. It was 
hoped at the onset that a definite conclu- 
sion could be established in regard to 
combining adequate radiation therapy and 
radical surgery for Stage 1 and u cancer of 
the cervix. However, it is apparent that of 
the 317 patients with squamous cell epi- 
thelioma available for study only one third 
were actual candidates for such combined 
therapy. Also, it was certainly reasonable 
to exclude those patients with microinva- 
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sion because sequential therapy would have 
been overtreatment for these highly curable 
lesions, znd it would be unfair to subject 
patients already suffering from major 
medical complications to the increased 
hazards >f combined therapy. Many pa- 
tients, however, did not undergo combined 
therapy »ecause of less cogent reasons, in- 
cluding disaffected clinicians and disillu- 
sioned surgeons who had faced the rigors 
of frequent postoperative complications in 
the patients in whom radiation therapy 
had preceded the operation. 

The three groups remaining from this 
selection process cannot be compared with 
each otker or with patients treated at 
other time intervals. Certain conclusions, 
it would seem, can be drawn. These are: 

(1) There is an increased incidence of 
complicazions after sequential radiation 
therapy and surgery: 48.1 per cent versus 
18.4 per cent for surgery alone and 8.7 per 
cent for radiation therapy alone. 

(2) Although the survival rates are ap- 
parently higher for patients undergoing 
surgery clone and for those treated by ir- 
radiation and subsequent surgery than for 
patients undergoing irradiation alone, se- 
lection or patients in this series placed the 
poor-risk patient in the irradiation alone 
category. 

(3) An occasional patient can be salvaged 
by combining radiation therapy and sur- 
gery but. at present, there is no technique 
available to accurately select this patient. 

(4) Judicious use of radiation therapy 
alone, or surgery alone, affords equal op- 
portunity for survival to patients with 
Stage 1 or II cancer of the cervix. 


SUMMARY 


Four aundred and sixty-two patients 
received primary therapy for cancer of the 
cervix at the Mayo Clinic from 1950 
through 1954. Four hundred and twelve 
had squamous cell epithelioma and ṣo had 
adenocarcinoma or adenoacanthoma. One 
hundred and fifty patients had Stage 1 
cancers, whereas 194 had Stage 11 cancers. 
Of these 344 patients, 114 were treated by 
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STATUS OF PATIENTS UNDERGOING SEQUENTIAL RADIATION THERAPY AND SURGERY 
WHO HAD RESIDUAL CANCER IN CERVIX OR LYMPH NODE METASTASIS 


Residual cancer in cervix (outcome and status) 








Stage I (1 patient) 
No complications Alive 
Stage II (6 patients) 
Residual cancer, 10 by 5 by 5 mm. Alive 
No complications Alive 
Left ureterovaginal fistula Alive 
Lesion, 7 by 5 cm. (radiation resistant) Dead 
Vesicovaginal fistula (radiation resistant) Dead 
Intestinal obstruction Dead 
Lymph node metastasis (location of involved lymph node and status) 
Stage I (4 patients) 
Left obturator lymph node Alive 
Bilateral obturator lymph nodes Alive 
Left iliac lymph node Dead 
Iliac and aortic lymph nodes (2 cm. above bifurcation) Dead 
Stage II (9 patients) 
Left external iliac lymph node Alive 
Right external iliac lymph node Alive 
Obturator lymph node Alive 
Bilateral obturator lymph nodes Dead 
Left iliac lymph node and left pelvic wall Dead 
Iliac lymph node (pulmonary metastasis, 3 mo.) Dead 
Left iliac lymph node (pulmonary metastasis, 17 mo.) Dead 
Iliac and obturator lymph nodes (pulmonary metastasis, 14 mo.) Dead 
Bilateral iliac and obturator lymph nodes Dead 





full irradiation. with subsequent radical 
surgery, 173 by irradiation only, and 57 
by surgery alone. 

The 5 and 10 year gross survival rates 
for Stage 1 showed that survival was best 
for surgery alone (94.6 and 91.9 per cent, 
respectively), radiation therapy with sur- 
gery was next (88.6 and 85.7 per cent, re- 
spectively), and radiation therapy alone 
was third (67.4 and 63.7 per cent, respec- 
tively). However, further analysis showed 
that the survival rates for surgery alone 
and radiation therapy with surgery were 
almost identical when the patients with 
microinvasive lesions of the cervix were 
not included. Furthermore, the poor-risk 
patient was most frequently included in 


the group that received radiation therapy 
alone. 


In patients with Stage 11 lesions, radia-, 
tion therapy with surgery resulted in a 
better survival at 5 and Io years (71.9 and 
69.8 per cent, respectively), whereas the 
survival rates for radiation therapy alone. 
(58.8 and 55.1 per cent) and for surgery 
alone (58.3 and 50.0 per cent) were nearly 
identical. Again the poor-risk patient was 
found in the group of patients who re- 
ceived radiation therapy alone. 

The high incidence of major complica- 
tions in the patients treated by radiation 
therapy and subsequent surgery was dis- 
couraging. Thus, in cancer of the cervix, 
surgery alone is somewhat preferable in 
Stage 1 and radiation therapy alone is pref- 
erable in Stage u. However, individual- 
ization of the treatment for each patient 
according to general health and type of 
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malignancy still remains the most impor- a Am. J. Obst. © Gynec., 1958, 76, 
tant factor in treatment. 297033. 

9. Greiss, F. C., Buake, D. D., and Lock, F. R. 
David G. Decker, M.D. Treatment of cancer of cervix by radiation 
Mayo Clinic and elective radical hysterectomy. 4m. 7. 
Rochester, Minnesota $5901 Obs. E Gynec., 1961, 82, 1042-1053. 


10o. HorreNsBEck, Z. J. R. Carcinoma of cervix— 
treatment by radical hysterectomy following 
REFERENCES central irradiation. dm. F. Obst. C9 Gynec., 


1960, 79, 944-952. 
1. Carrer, B., Parxer, R. T., Tuomas, W. L, 11. Hurrzav, G. D., Morris, J. M., and CHANG, 


CreanicK, R. N., Peete, C., Cugnuv, W. B., C. H. Injuries related to radiation treatment 
and WiLLrAMs, J. B. Follow-up of patients of carcinoma of cervix and complications of 
with cancer of cervix treated by radical hys- supplemental surgery. dm. F. Obst. F Gynec., 
terectomy and radical pelvic lymphadenec- 1965, 95, 696—705. 

tomy. Am. F. Obst. €9 Gynec., 1958, 76, 1094~ 12. Riva, H. L., Anperson, P. $., HATHAWAY, 
1099. C. R., Ja., Des Rosiers, J. L., and Sroeur, 

2. CLAIBORNE, H. A., Jr., TuonNTON, W. N., JR., N. U. Surgical experience in cancer of cervix. 
and WirsoN, L. A., Jr. Pelvic lymphadenec- Am. J. Obst. C9 Gynec., 1961, 62, 64—71. 
tomy for carcinoma of uterine cervix. Am. J. 13. RurLzpoE, F. N., and FLETCHER, G. H. Trans- 
Obst. E3 Gynec., 1960, 82, 672-679. peritoneal pelvic lymphadenectomy following 

3. CnAwronp, E. J., Jr., Rosinsown, L. S., Horn- sup2rvoltage irradiation for squamous-cell 
BUCKLE, L. A., and Goprrry, W. E. Com- carcinoma of cervix. 4m. F. Obst. & Gynec., 
bined radiologic-surgical therapy of stage 1 or 1953, 76, 321-334. 

11 carcinoma of uterine cervix: progress report. 14. SHERMAN, A. I, and CameL, H. M. Review of 
Am. F. Obst. E3 Gynec., 1961, 81, 148-155. diagnosis, treatment, and complications for 

4. Decxer, D. G., Aaro, L. A., Hunt, A. B., carcinoma of cervix uteri. dm. J. Obst. & 
Jounson, C. E., and Surra, R. A. Sequential Gynec., 1964, 89, 439-452. 
radiation and operation in carcinoma of 15. StaLuwortuy, J. Malignant uterus yesterday, 
uterine cervix. dm. F. Obst. €. Gynec., 1965, today, and tomorrow. 7./f.M./f., 1966, 195, 
92, 35-42. 465-470. 

s. Decker, D. G., and Van Herir, M. Survivalin 16. SrEvENsoN, C. S. Combined treatment of car- 
invasive carcinoma of cervix five to ten years cinoma of cervix with full irradiation therapy 
after radiation therapy. Am. J. ROENTGENOL., followed by radical pelvic operation: second 
Rap. THERAPY & Nucrear MED., 1961, 65, progress report on series now numbering 95 
488—495. cases. dm. ¥. Obst. E Gynec., 1961, 81, 156- 

6. GRAnBAM, J., GRAHAM, R., and Scuuuz, M. Can- 165. 
cer of uterine cervix: Harvard study, 1954 17. SwEEsEY, W. J., III, and DovoLas, R. G. 
through 1956. dm. F. Obst. € Gynec., 1964, 89, Treatment of carcinoma of cervix with com- 
421—431. bined radiation and extensive surgery. 4m. F. 

7. Gray, M. J., and Frick, H. C., II. Pelvic lymph Obst. E Gynec., 1962, 84, 981—991. 
node dissection following radiotherapy for 18. WrLcm,J.S., Pratt, J. H., and SYMMONDS, R. E. 
cancer of cervix: re-evaluation. dm. F. Obst. Wertheim hysterectomy for squamous cell 
E? Gynec., 1965, 93, 110-114. carcinoma of uterine cervix: thirty years’ ex- 

8. Gray, M. J., GusaznG, S. B., and Gutrmann, R. per ence at Mayo Clinic. Am. Y. Obst.€8 Gynec., 
Pelvic lymph node dissection following radio- 1961, ó7, 978—985. 


Vot. 102, No. I 


MANAGEMENT OF STAGE I AND II ADENOCARCI- 
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DENOCARCINOMAS of the uterus 
can originate in the endometrium and 
can be clearly diagnosed as being of cor- 
poreal origin. They can be shown by frac- 
tional curettage to be present both in the 
endometrium and endocervix and are then 
diagnosed as adenocarcinoma of the corpus 
et collum. The adenocarcinomas which, 
after careful fractional curettage, seem to 
originate only in the cervix will be the sub- 
ject of this paper. 

Survival rates for patients with adeno- 
carcinomas of the cervix, when compared 
with those for squamous cell carcinomas, 
vary considerably from series to series. The 
prevailing opinion is that the adenocar- 
cinomas are not as readily controlled by 
radiotherapy, although there are series 
where the survival rates are close to those 
for patients with squamous cell carcinomas, 

These differences in survival rates may 
be related to the care with which one rules 
out involvement of the corpus, as obviously 
à patient treated by radiotherapy for a 
cervical adenocarcinoma with involvement 
of the corpus must have different manage- 
ment than the patient without such in- 
volvement. 


MATERIAL AND POLICIES OF TREATMENT 


Between 1948 through December 1963, 
1,412 patients with Stage 1 and Stage 1 
cervical cancers on intact uterus were 
treated at M. D. Anderson Hospital. In 
1,341 patients the histology was squamous 


cell carcinoma and in 71 patients, adeno- 
carcinoma. 

With the exception of 3 patients, 1 with 
Stage 1 and 2 with Stage 114 lesions, who 
were treated by primary hysterectomy and 
lymphadenectomy, all patients were treated 
bv radiotherapy only or by radiotherapy 
followed by conservative total hysterec- 
tomy alone, or by radiotherapy followed by 
hysterectomy and lymphadenectomy. 
Radiation techniques for cervical adenocar- 
cinomas are similar to those used for 
squamous cell carcinomas except that when 
a hvsterectomy is planned, the radiation 
dose is slightly diminished. 

It has been a practice through the vears 
to use increasinglv the addition of hysterec- 
tomy whenever the patient is suitable for 
the operation, because of the general be- 
lief expressed in the literature that radia- 
tion therapy may not be as etfective for 
adenocarcinomas as for squamous cell 
carcinomas and that, being as a rule of 
endocervical origin, the adenocarcinomatous 
lesions are, stage for stage, bulkier than are 
the squamous cell carcinomas because of 
the enlargement of the endocervix and 
isthmus. Irradiation 1s completed first, and 
a 4 to 6 week interval is allowed before the 
hysterectomy is performed. For a certain 
period of time, lymphadenectomies were 
also part of the treatment plan. 

The hysterectomy is conservative; the 
uterus is removed without an additional 
vaginal cuff, with minimum dissection of 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1957. 
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Tage I 
THREE- AND FIVE-YEAR ABSOLUTE SURVIVAL OF 
PATIENTS WITH STAGE I AND Il ADENOCARCINOMAS 
OF THE CERVIX ON INTACT UTERUS 


(1948 through December 


1903) 
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the bladder, ureters, and rectosigmoid 
colon. As much tissue as possible is re- 
moved with the cervix, without dissecting 
the ureters from their paracervical position. 
The conservative procedure has few com- 
plications and should be adequate to re- 
move any residual cancer remaining within 
the myometrium. The procedure supple- 
ments the irradiation which gives an ade- 
quate dose to the vaginal mucosa and the 
paracervical area, but which may be some- 
what inadequate in reaching cancer cells 
deep in the myometrium. 


RESULTS 


The 3 patients treated by primary surgi- 
cal resection died within 2 years because of 
pelvic recurrences of the disease. Coinci- 
dentally, in 2 of these patients, disease in- 
volved the ovaries. 

The results will be presented by com- 


paring the two groups of patients, one of 


which was treated by irradiation alone, 
and the other with irradiation followed by 
hysterectomy. The conclusions are tem- 
pered bv the facts that: (1) the numbers are 
small, and (2) the two groups are not en- 
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tirely comparable because some patients in 
the first group were not suitable for surgic: : 
resection, and hence had a high risk « 
death from intercurrent disease. 

Three- and five-year survival rates tor 
the two groups are given in Table 1. The 
survival rates for the whole group are as 
good as those for squamous cell carcinomas. 
The s-year survival rate for the patients 
treated with irradiation alone is 66 per cent; 
for those treated with irradiation and surg- 
ery, 84 per cent; and for the whole group, 
ss per cent. However, one can see from 
Table 11, which gives the sites of active dis- 
ease, that 24 per cent of the patients in the 
irradiation only group, and 22 per cent of 
the patients in the irradiation followed by 
hysterectomy group, died from disease. In 
both groups, central failures are rare. The 
incidence of failure to control disease in the 
pelvic area in the irradiation alone group is 
slightly higher than is the incidence of fail- 
ure in the irradiation and surgery group. 

In the entire group of patients with 
adenocarcinoma of the cervix, 32 lympha- 
denectomies were done; 26 were Stage I 
and Stage i1 patients and 6 were Stage IN 
patients. In only 1 patient were the regional 
lymphatics involved. In addition, periaor- 
tic lymph nodes were involved in 2 patients. 
Even if one considers that irradiation had 
been given before the lymphadenectomy, 
this is a very low incidence of involvement. 
The complications resulting from the surgi- 
cal technique performed after radical irradi- 
ation. are significantly greater when a 
lymphadenectomy 1s done. Therefore, the 
ly mphadenectomy procedure in addition to 
conservative hysterectomy has been dis- 
continued, 

DISCUSSION 

The data presented do not show a clear- 
cut advantage for addition of hysterectomy 
after irradiation for adenocarcinoma of the 
cervix. However, although the numbers are 
too smail for statistical significance, there 

does seem to be some difference in patterns 
of growth and spread of the adenocarcino- 
mas of the cervix as compared to those for 
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Adenocarcinoma of Uterine Cervix 


TABLE II 


SITES OF ACTIVE DISEASE AT TIME OF DEATH OF PATIEMTS WITH STAGE I AND II 
ADENOCARCINOMAS OF THE CERVIX ON INTACT UTERUS ' 


(1948 through December 1963; 














No. of Local Only . 
Stage and Treatment Patients s of DM. Only or +PD eie 
Treated ance’ --DM or + 
Radtotherapy Alone 
I 9 O D O o 
IL 9 3 2 I O 
Ig 7 3 3 O 4 
Subtotal 25 6 2 I 3 
Radiotherapy Plus Surgery 
I 21 3 I 2 
II 13 2 I I o 
Us 9 4 2 2 o 
Subtotal 5 
5 





DM— Distant Metastases (metastases beyond region of pelvic cavity and regional lymphatics). 
PD—Pelvic Disease (adenocarcinoma within region of pelvic cavity and regional lymphatics). 


the squamous cell carcinomas. A case can 
be made for adding hysterectomy in some 
cases for the following reasons: 

(1) Adenocarcinomas are, as a rule, of 
endocervical origin and grow to large le- 
sions at the level of the endocervix and 
isthmus. This pattern of local growth al- 
lows them to remain longer in Stage 1 and 
11 than do the squamous cell carcinomas. 

(2) Invasion into the myometrium is 
common; spread to the regional lymphatics 
is infrequent. Failures have been because of 
recurrent disease in the lower vagina or 
other pelvic structures, but not in the 
regional lymphatics. For squamous cell 
carcinomas, the most common cause of 
failure within the irradiated area is because 
of lymph node involvement which is evi- 
denced clinically by leg edema, sciatic pain, 
and hydronephrosis. 

(3) A selected group of patients with 
endocervical bulky squamous cell carcino- 
mas have been submitted to an additional 
hysterectomy. There is a difference in the 
incidence of observed residual disease in 


- the surgical specimen: 41 per cent in the 


adenocarcinoma group as compared with 30 
per cent in the squamous cell carcinoma 
group. In some instances, in both groups, 
cancer might not have been viable, but the 
difference in morphologically residual dis- 
ease may mean that there is more often in- 
vasion of zhe myometrium by the adeno- 
carcinomas than by the squamous cell 
carcinomas. 

Seven patients with Stage 1 and u 
adenocarcinoma on the cervical stump 
have been treated by radiotherapy only. 
One patient with Stage 115 disease died at 
2 years with local and pelvic disease. Of the 
other patients, 1 died at 53 years because of 
mediastinal metastases and 5 are alive from 
5 to 12 years after treatment. It seems to 
indicate that the absence of the corpus is 
significant in the prognosis because its ab- 
sence gives no opportunity for spread of 
disease to the myometrium. 

If no lymphadenectomy is performed, 
the compl.cations of added conservative 
hysterectomy are minimal. "Therefore, 
whenever one is dealing with an endocervi- 
cal and somewhat bulky lesion, the uncer- 





164 F. 


tainty of how much of the myometrium is 
involved justifies an added conservative 
hysterectomy which may add to the effec- 
tiveness of the treatment. 


SUMMARY 


Irradiation alone or very slightly dimin- 
ished irradiation followed by conservative 
hysterectomy has produced 75 per cent 
S-year survival rates in Stage 1 and mn 
adenocarcinomas of the cervix which are 
as good as the £-vear results for squamous 
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cell carcinomas. Primary irradiation car- 
ried to the fullest or near fullest is to be 
maintamed; but because of the usual endo- 
cervical origin and the tendency to invade 
the myemetrium in the patients who have 
à bulky endocervical lesion, the addition of 
a conservative hysterectomy may increase 
the chamces of cure. 


M. D. Arderson Hospital and 
Tumor Institute 
Houston, Texas 77025 
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RADIOTHERAPY FOLLOWING SIMPLE HYSTER- 
ECTOMY IN PATIENTS WITH STAGE I AND 
II CARCINOMA OF THE CERVIX* 


By VRED Y. 


HE purpose of the author is to answer 

the question, "Should elective post. 
operative radiotherapy be given following 
simple hysterectomy for early v (presumed 
Stage 1 and Stage 11) carcinoma of the 
cervix?" 
patients who had radiotherapy after simple 
hysterectomy in the presence of un- 
detected carcinoma of the cervix or as the 
intended treatment for carcinoma of the 
cervix. His series consisted of $9 patients 
with a 3-year survival rate of 76 per cent 
and a 5- year survival rate of 71 per cent. 
Treatment in this group of patients was 
largely external radiotherapy plus local 
therapy to the vaginal apex. 


PATIENT MATERIAL 


All patients who had a simple total 
hysterectomy for, or in the presence of, 
carcinoma of the cervix and who were 
referred for radiotherapy after operation 
from 1948 through 1963 were reviewed. 
In most of these patients, the operation 
was performed for a benign lesion, and the 
finding of invasive carcinoma was un- 
expected, A few patients had hysterectomy 
for carcinoma i” situ, and invasive car- 
cinoma was actually found in the surgical 
specimen. A small number had hyster- 
ectomy as the intended treatment for an 
early carcinoma of the cervix. All patients 
who had evidence of invasive carcinoma 


but who had no gross residual disease 
following surgerv were selected for su. 
The $4 patients available for 3-year 


analysis were divided into 3 groups (T able 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, 
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TABLE I 


PATIENT CATEGORIES 





Group I (18 patients) 
Patients with microscopic evidence of invasive 
cancer found incidentally in hysterectomy 
specimen 


Group TI (25 patients) 
Gross tumor in the surgical specimen with apparent 
surgical clearance 


Group III (11 patients) 
Tumor cut through at the margins of surgical 
resection but no known gross residual disease 


1). Patients with known residual or recur- 
rent disease at the time of admission are 
excluded from this report. 


TREATMENT 


The majority of patients treated during 
the vears 1948 to 1954 (5 of 9) received 
local therapy alone: usually 2 applications 
of radium in vaginal ovoids delivering a 
surface dose to the vaginal apex of between 
8,000 and 14,400 r. The remaining 4 
patients received 2,000 to 4,500 r whole 
pelvis irradiation at 250 or 400 kvp., and 
local therapy to the vaginal apex using 
ovoids or transvaginal therapy at 140 kvp. 

In tgs4, an Alls Chalmers 22 mev. 
betatron became available. Since that 
time an increasing number of the patients 
have received some whole pelvis irradiation 
(up to 5,000 rads 1n $ weeks) supplemented 
by ee to the vaginal apex using either 
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Tang TI 


SURVIVAL AT 3 


Group 


| 3-year 
I | follow-up 


follow- -up 


i Number 
Treated | 


| Follow-up > 


AND § YEARS 


| |! Lost to follow-up; NED at 
| | 3+ years 


3-year | 2% 23° 2 | Dead of disease 
H | follow-up | | 
Gross disease in specimen b ^ NEMUS mr € — ee | ——M——— —M 
Cayen Y. de | 4f | 03 | Dead of disease 
| fc ilow-up | | 
| 3-year | 101 ja 
I | follow-up | | | 
Microscopic cut-through of disease — i————— Án aea nis ues * 
| S-vear | g | 9i 
| follow-up | 


* There were 3 subsequent deaths because of disease at 5, 8, and 85 years. 


+ There were 2 subsequent deaths because of disease at 8, and 83 
i There was 1 SEM NIA death because of disease at 8$ years. 
NE D-—No evidence of disease. 


vaginal ovoids or transvaginal therapy in 
varying amounts. 


RESULTS 


The number of patients surviving 3 and 

ç years is shown in Table 1, and the causes 
a death at any time of follow-up are shown 
in Table ur. There were $4 patients treated 
3 or more years ago and 42 patients 
treated more than § vears ago. 

All 18 patients in Group I were without 
evidence nde lisease at 3 vears. Of the 16 
patients available for s-vear analysis, all 
were without evidence of disease between 
3 and § vears, except for 1 patient lost 
to follow-up without evidence of disease. 
No patients developed late recurrent dis- 
ease after § years. 

Of the 25 patients in Group n followed 
for 3 vears or more, 2 died in less than 3 
vears, ! of distant metastases with local 
pelvic control and 1 of local recurrence. 
One of the patients who had no evidence of 
disease at 3 a> i nud a Abie coe 





died of cancer 8 and 84 vears 


¥ Ears, 


after treatment. Two patients subsequently 
after treat- 
ment, 1 of pelvis recurrence and 1 of dis- 
tant metastasis with pelvic control. One 
patlent expired at 7 years of malignant 
lymphoma. with apparent control of her 
initial primary tumor The remaining 
patients are living and well without dis- 
ease up to 15 years. 

All of the 11 patients in Group im 
were without evidence of disease at 3 
vears and the g patients who were available 
for «-year analysis were all without evi- 
dence of disease at § vears. One patient 
subsequently expired of vault and pelvic 
recurrence at 84 years. 

The complications of treatment were 
minimal. One patient developed a rectal 
stricture requiring a colostomy, and a sec- 
ond patient required a local resection of 
the ileum for radiation stenosis. 


DISCUSSION 


The strikingly good results in the 3- and 
s-vear survival rates in these 3 groups of 
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Taste Tl 


CAUSES OF DEATH AT ANY TIME OF FOLLOW-UP 


Group 


I 


Il 
Gross disease in specimen 


HI i 
Disease cut through at margin of resection | 


patients are interesting from several points 
of view. At first glance, they appear 
superior to the results of treating patients 
with early carcinoma of the cervix bv 
surgerv or radiotherapy alone. However, 
this undoubtedly reflects the selectivity 
involved in a group of patients such as this. 
By and large, these were voung (average 
age 46 vears), healthv patients; the old, 
bad-risk patients were automatically elimi- 
nated. Thus there has been very little 
loss because of intercurrent disease. 

The substantial number of patients with 
preclinical or clinically undetectable dis- 
ease tends to weigh the results favorably. 
All patients with residual lateral para- 
metrial involvement or metastatic disease 
in regional lymph nodes were excluded from 
this series. Thus, in a sense, this does 
represent a surgically staged group of pa- 
tients with relatively early carcinoma of 
the cervix who were referred for immediate 
postoperative radiotherapy. The good re- 
sults reflect considerable bias in patient 
material and should not be construed as 
suggesting the superiority of treating 
patients with early but clinically evident 
carcinoma of the cervix by simple hyster- 
ectomy followed by radiotherapy. 

The proponents of surgery as the treat- 
ment of choice for carcinoma of the cervix 
have cited late central recurrences as a 
point in favor of surgical treatment, argu- 
ing that if the uterus had been removed, 
the late recurrence would have been pre- 


p CHEN Sb aS SCSI ONS M iuh RE CECI CTS NTSC EV AN MAD UM ciis ursa d E S 


Pelvic 
Disease 


A | Intercurrent 
Metastases | " —. 
Disease 


Only | 


» ^ 
eg 
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vented. The 4 central recurrences in our 
series, as late as 84 vears after treatment, 
show that late recurrences can occur even 
if the uterus has been removed. 

The good results at 3 and 5$ vears should 
be contrasted with the poor results in a 
group of patients with recurrent disease 
who were treated more than 6 months 
after hysterectomy; all patients were dead 
within 3 vears except those who presented 
with localized central recurrence at the 
vaginal apex.? 

While a randomized study has not been 
performed, and some of the patients in this 
studv may not have needed treatment at 
all, the good results and low complication 
rate and the poor results once recurrent 
disease has become evident suggest that 
elective postoperative radiotherapy should 
be offered to all patients with invasive 
carcinoma of the cervix who present after 
hysterectomy. 

Table tv summarizes the current treat- 
ment plan and Table v gives the usual 
dosage combinations of whole pelvis ir- 
radiation and local vaginal therapy, either 
by intracavitary radium or transvaginal 
therapy. 

The results in the early cases seem to 
reveal that almost all patients have done 
uniformly well irrespective of whether 
they had local therapy alone, or whole pel- 
vis irradiation followed by local therapy. 
The trend during recent years to treat 
all patients referred for radiotherapy fol. 
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Taste IV 


GENERAL TREATMENT PLAN 





Group 
[ Local irradiation to the vaginal apex using 
| antracavitary radium in ovoids or trans- 
vaginal therapy 
H Whole pelvis irradiation to 3,500 to 4,000 


rads followed bv 2 
cations, 


48-hour radium appli- 
1 to 2 weeks apart 


IH] | Whole pelvis irradiation to 5,000 rads 
|. followed by one 72-hour radium applica- 
tion in ovolds 


lowing hysterectomy with whole pelvis 
irradiation has not been associated with 
significant morbidity and complications. 
However, if one is able to obtain the clini- 
cal and pathologie information necessary 
to separate the early cases, local therapy 
alone appears to be sufficient for that 
group. This can be administered with vagi- 


nal ovoids alone, usually in 2 72-hour 
insertions 2 weeks apart, using the standard 
loading for the ovoids (Ze, 25 mg. of 


radium in large ovoids, 20 mg. of radium 
in medium ovoids, and 15 mg. of radium in 
small ovoids). This will give a surface dose 
of 11,000 to 13,000 rads to the vaginal 
apex. If the anatomic situation is un- 
favorable for radium, 6,000 rads may be 
administered using transvaginal therapy 
at 140 kvp., usually at the rate of soo rads 
daily. Also, if there appears to be con- 
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siderable thickness to the induration at 
the vaginal apex, a larger depth dose can 
be delivered with the transv aginal cone 
than with vaginal radium. 

Patients in Group i1 with more advanced 
disease and patients in Group ut who have 
known «ut-through of tumor require a 
greater percentage of their treatment with 
whole pelvis irradiation because of the 
increased. risk of pelvic contamination or 
undetected regional lymphatic disease. 
If they receive 3,500 to 4,000 rads tumor 
dose to the entire pelvis, the surface dose 
from vaginal radium should be reduced 
to 7,000 to 8,000 rads. This can be ac- 
complished by 2 48-hour insertions of 
vaginal ovoids using the above loadings. 
The transvaginal dose should be limited to 
4,000 rads. After §,000 rads whole pelvis 


irradiation, the local treatment to the 
vaginal apex should be limited to one 


72-hour insertion of radium in vaginal 
ovolds delivering a surface dose of 5,000 
to 6,000 rads, or 3,000 rads using trans- 
vaginal therapy. If the local anatomy is 
unfavorable for either radium or trans- 
vaginal therapy, 5,000 rads whole pelvis 
irradiation can be given in § weeks, fol 
lowed by an additional 1,000 to 2,000 
rads given through reduced fields over 
the vaginal apex. 
CONCLUSIONS 

Immediate postoperative radio- 

therapy in patients with presumably Stage 


1 and 11 carcinomas of the cervix following 
simple hysterectomy produces. excellent 


Tape V 


DOSAGE COMBINATIONS OF WHOLE PELVIS IRRADIATION WITH INTRACAVITARY OR TRANSVAGINAL THERAPY 


Whole Pelvis (tumor dose in 





None 2, 000-3, $00 3, 500-4, 000 5,000 i 7.000 
rads) l 
Intravaginal Radium” (surface 72 hr.;23 hr. | 72hr.-48 hr. | 48 hr.-48 hr. i 72 hr. | 48 hr. None 
dose in rads} | (11,000-13,000) | (8,000-10,000) | (7,000-8,000) | (5,000-6,000) | (4,000) 
Transvaginal Therapy (given | "em 4, 50076, 000 4,000-4,500 | 3, 000-3, 500 | 2,500-3,000 | None 
dose in rads) : | i 


* Times refer to time of ovoid application required to give the specified surface dose at the vaginal apex using the standard load- 
ings of 15 mg.-15 mg. in small uod 20 mg.-20 mg. in medium ovoids, and 26 mg.-25 mi. in large ovoids. 
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survival rates with very few complications REFERENCES 
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PERSISTENT TUMOR CELLS IN THE VAGINAL 
SMEAR DURING THE FIRST YEAR AFTER 
RADIATION THERAPY OF CARCINOMA 
OF THE UTERINE CERVIX* 


PROGNOSTIC SIGNIFICANCE 
By VICTOR A. MARCIAL, M.D., MARIA S. BLANCO, M.S., and EDUARDO DE LEÓN, M.D. 


SAN JUAN, PUERTO RICO 


NVASIVE carcinoma of the uterine 

cervix remains a significant health 
problem in some communities; at the 
Radiotherapy Department of the I. Gon- 
zález Martínez Oncologic Hospital in 
San Juan this type of tumor constitutes 
20 per cent of the present therapy patient 
work load. 

During the last 20 years radiation 
therapists have been able to develop safe 
and efficient techniques for the radiologic 
treatment of carcinoma of the uterine 
cervix. 

The curability results obtained by radia- 
tion therapy in patients with carcinoma of 
the uterine cervix justify its classification 
as the treatment of choice for this condi- 
tion;! yet, despite present radiotherapeutic 
achievements, we fail to cure a significant 
number of patients. At our Department 
these treatment failures presently range 
from Io per cent in Stage 1 cases to $5 
per cent in patients with Stage m1 lesions. 

The need exists to detect irradiation 
failures early enough so as to be able to 
administer additional therapy with a better 
chance of success; this may be of the nature 
of a surgical procedure or further irradia- 
tion. Present clinical means for the detec- 
tion of postirradiation treatment failures 
do not always permit the discovery of early 
and favorable tumor manifestations; at 
times, it is most difficult to distinguish 
recurrent or persistent tumor from post- 
irradiation normal tissue changes. The use 
of biopsy material for the detection of post- 


irradiation persistence presents certain 
limitations; a slowly regressing tumor 
may be mistaken for a persistent lesion. 

The present report relates to a study of 
the prognostic significance of persistent 
tumor cells in the vaginal cytology smear 
during the first year after irradiation for 
carcinoma of the uterine cervix. 


MATERIAL AND METHODS 


At the end of 1960 a project was started 
at the Radiotherapy and Cancer Division 
of the Puerto Rico Nuclear Center with 
the aim of determining the value of ex- 
foliative cytology as a prognostic test in 
patients with carcinoma of the uterine 
cervix submitted to irradiation. Vaginal 
smears were taken before, during, and 
after irradiation. Initially two smears were 
taken per case (one by scraping the cervix 
and the other bv pipette suctioning of the 
vaginal pool). In 1964 1t was decided that 
one slide could include both samples and 
this practice persisted. The smears were 
processec by the Papanicolaou method for 
microscopic study for persistent tumor cells 
and for evidence of radiation effects in the 
normal e»ithelium. 

For the present analysis we have utilized 
the cytologic diagnoses of persistent tumor 
cells in the smears taken 1, 2, 4, 6, and 12 
months post irradiation. Besides the initial 
cytologic impression, all the slides were 
reviewed again during the last year and 
the pathologist has relied on his present 
criteria of what is a tumor cell in the vaginal 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
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smear after irradiation for carcinoma of the 
cervix uteri. Cytologic impressions were 
classified as positive or negative for tumor 
cells, suspicious for tumor cells, or unsatis- 
factory. 

The patients in this study were mostly of 
low socio-economic level who were referred 
to the I. González Martinez Oncologic 
Hospital for radiation therapy of histo- 
pathologically proven carcinoma of the 
uterine cervix. At times, because of eco- 
nomic reasons, they had difficulty in trans- 
portation to the hospital, A total of 342 
cases were included in the study with 
minimal post-treatment follow-up of 3 
years. For various reasons, not all cases 
seen during the study period were included. 
A few patients were unable to provide a 
satisfactory cytologic smear, and some, 
because of economic or other personal 
reasons, failed to return for follow-up 
during the first year. The reasons for 
exclusion were: persistent unsatisfactory 
vaginal smears; no available vaginal smear 
in the first post-treatment year, and 
treatment interruption before an adequate 
dose was delivered. The excluded cases 
constitute approximately 30 per cent of the 
cervical cancer work load in the Depart- 
ment during the time of the study. 

Survival and tumor-free status were de- 
termined at 3, 4, and 4 vears after radiation 
therapy. Four per cent of the cases could 
not be traced at the z-vear mark because of 
change in address or other reasons. 

Using follow-up information from the 
patients’ charts, we correlated tumor-free 
survival with the presence of persistent 
tumor cells in the vaginal smear after 
irradiation, taking into consideration the 
stage of the disease and the treatment 
modality. 


TREATMENT TECHNIQUES 


Patients in this study received external 
irradiation by orthovoltage roentgen ther- 
apy (half value layer of 3 to 4 mm. Cu) or 
cobalt 60 teletherapy, followed by intra- 
cavitary therapy. Anterior and posterior 
pelvic fields were used; the width ranged 
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from 16 to 18 cm. and the height from 12 to 
14 cm., depending on the size of the pelvis. 

In the first 2 vears of the study, roentgen 
therapy cases were treated by means of 
sacrosciatic fields, in addition to the anter- 
ior and posterior ones. The external irradia- 
tion doses were calculated as exposures in 
the mid-pelvis and ranged from 4,000 r in 
6 weeks with roentgen rays to 4,500 r in 6 
weeks with cobalt 60. For curietherapy, we 
utilized radium or cobalt 60 sources in the 
vagina and the uterus; the doses averaged 
4,000 r calculated at point A. 


THE IDENTIFICATION OF TUMOR CELLS IN 
THE POSTIRRADIATION 
VAGINAL SMEAR 

Satisfactory — postirradiation vaginal 
smears may contain benign and tumor cells 
with or without irradiation effect. The 
identification of tumor cells without irra- 
diation effect offers no difficulty to the 
pathologist. Tumor cells with irradiation 
changes may show: bizarre appearance, 
giant and multiple nucleoli, marked vacu- 
olization, and increased cell size. Likewise, 
benign cells may show comparable irradia- 
tion changes: increased size of the cell and 
the nucleus, conspicuous vacuolization, 
multinucleation, and nuclear changes 
(pvknosis, karyorrhexis, wrinkling and 
multiple nucleoli). At times, it may be dif- 
cult to differentiate between dysplastic 
cells and malignant cells, when they show 
pronounced irradiation changes. Some of 
these cases are labelled "suspicious." 

A number of smears are found unsatis- 
factory for diagnosis; this may be due to 
the presence of too many leukocytes, when 
a purulent discharge is present or fo scanty 
material with practically no identifiable 
cells. 


INCIDENCE OF SMEARS NEGATIVE FOR 
TUMOR CELLS DURING THE FIRST 
YEAR POSTIRRADIATION 


The number of cases showing smears 
negative for tumor cells atter irradiation, 


at various post-treatment intervals, is 
shown in Table 1. This table excludes cases 
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which were lost to follow-up and patients 
with unsatisfactory smears. Bv the end of 
1 month post treatment, 26 per cent of 
cases showed smears suspicious or positive 
for tumor cells; this number rapidly de- 
creased to the 10 per cent level found 6 and 
12 months post therapy. The number of 
unsatisfactory smears ranged from 63 at 
2 months post therapy to 144 twelve 
months post irradiation. 


TUMOR-FREE SURVIVAL OF THE 
PATIENTS UNDER STUDY 
The tumor-free survival status of all 
patients in the study, correlated with stage 
of disease and treatment modality is 
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shown in Table i. The number of Stage I 
cases is too small for proper statistical 
evaluation; the s-vear tumor-free survival 
in this group was 86 per cent for cobalt 6o 
teletherapy cases and 92 per cent for 
roentgen therapy patients. Stage 1 cases 
had a §-year tumor-free survival of 8o per 
cent with cobalt 60 teletherapy and 53 
per cent with roentgen therapy. Stage 11 
cases had a tumor-free z.year survival of 
47 per cent with cobalt 60 teletherapy and 
21 per cent with roentgen therapy. Stage 
Iv cases In this study had no tumor-free 
$-vear survivors, 

The correlation between presence of a 
negative smear at different post-treatment 
months and tumor-free survival for all 
stages is shown in Table ni. The chances 
of living with no evidence of disease at 
P 4, ani $ years, after a negative smear, 
are shown in this table. The z-vear tumor- 
tree survival goes up from 43 per cent when 
the smear is negative 1 month after irradia- 
tion to 64 per cent when this condition is 
found 12 months post treatment. The 
presence of a negative smear does not 
appear to be of prognostic significance in 
the first 4 months post irradiation. 


r 


Fable 1v shows the correlation of the 
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RELATIONSHIP OF NEGATIVE SMEAR AND CHANCE OF BEING FREE OF DISEASE 
a ond 


NED= no Sei MS disease. 


presence of a negative smear, with tumor 
free survival for Stage 1 and mn cases to- 
gether; Table v shows this relationship for 
Stage 111 and 1v cases. From these tables 
it appears that a negative cytology report 
4 to 12 months post irradiation is associated 
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vival); however, in Stage in and iv a 
negative report is not associated with a 
particularly good prognosis. 

The correlation of the presence of a 
smear positive for tumor cells in the post 
irradiation period with tumor-free survival 


is shown in Table vr. The chance of having 
tumor-free z-vear survival 1s extremely low 


with a good prognosis in the early stages 
(73 to 82 per cent tumor- free $-vear sur- 
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when a smear has been found to contain 
tumor cells 4 or more months after ther; apy; 
however, the number of cases in this portion 
of the study is too low to justify any valid 
conclusion. 


DISCUSSION 
The results of this study show that 
exfoliative cvtologv of the vagina, used 


during the first vear after irradiation for 
carcinoma of the uterine cervix, is of some 
relative value in the management of these 
cases when a satisfactory smear is obtained. 
Unfortunately, the number of smears con. 
sidered unsatisfactory bv the clinician at 
the time the sample was taken or by the 
laboratory personnel was high; this was 
so in 80 cases at 1 month, 63 at 2 months, 
76 at 4 months, 112 at 6 months, and 144 
^ 12 months. The reasons for an unsatis- 
factory smear may be: excessive inflam- 
matory changes in the vaginal canal, dry 
mucosa with resulting scanty material in 
the sample, stenosis of upper vaginal canal, 
and gross bleeding when adhesions are 
broken during the examination. 

Another limiting factor in the use of this 
technique relates to the location of the 
persistent or recurrent disease: a good 
number of the recurrences are in the para- 
metria or the pelvic wall. An analvsis of sites 
of active disease at the time of death in 
patients within ç years after radiation 
therapy tor carcinoma of the uterine cervix 
at the M. D. Anderson Hospital in Houston, 
Texas, revealed that in the groups of pa- 
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tients dying with tumor limited to the 
pelvis, nore than 5o per cent had no local 
disease.! Talbert and co-workers? have 
oe that in their cases 20-30 per cent 
of the recurrences were in the parametria. 

Some cases with gross tumor may not 
have a positive cvtologv; these false nega: 
tives may be as high as 9 per cent.” The 
presence of grossly suspicious tumor on 
pelvic examination calls for diagnostic 
studies. Therapy should not be instituted 
until persistent disease is proven; inflam- 
matory or postirradiation changes may 
mimic cancer. Ina group of 991 cases with 
the initial diagnosis of recurrent or per- 
sistent cervix cancer at Memorial Hospital 
in New York, 14 per cent did not have 
cancer" 

The persistence of tumor cells in the 
smear in the first months post therapy has 
no significance. This finding becomes im- 
portant at 4 months or later. This experi- 
ence is different from that reported by 
Koss? who states that the presence of can- 
cerous cells for a period of 4 weeks follow- 
ing the completion of radiation treatment 
for cervical cancer carries an ominous 
prognosis. The time of disappearance of 
the tumor cells from the smear is related to 
the rate of regression of the tumor after 
radiation. therapy. It is well known that 
some tumors have very long volume dou- 
bling times, and consequently would grow 
or disappear very slowly. Although by the 
end of the first postirradiation month 75 
per cent of cases will have negative smears, 
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some cases will have persistent tumor cells 
6 or 12 months post therapy and never 
show further evidence of disease. The find- 
ing of malignant cells in the smear up to t 
vear after successful radiation therapy has 
also been reported by Von Haam and 
Alberv.? 

Regardless of the above mentioned ex- 
ceptions, when we find persistent. tumor 
cells 4 months or longer after therapy, we 
repeat the smear and if the finding is con- 
firmed we proceed with diagnostic inves- 
tigations that may include dilatation and 
curettage and cervical biopsy. When histo- 
logic evidence of the disease 1s found, we 


proceed with the definitive treatment of 


the recurrence. 

Stage 1 and m cases, in particular, may 
benefit from the use of vaginal cytology 
for Vase or recurrent tumors; this 
should favor the treatment of these tumor 
manifestations when a better chance of 
success exists. 


SUMMARY 


1. A study of the prognostic significance 
of persistent tumor cells in the vaginal 
smear during the first postirradiation year 
in 342 patients with carcinoma of the 
uterine cervix Is presented. 

. The number of negative and positive 
smears at 1, 2, 4, 6, and 12 months post 
irradiation is analyzed and a correlation is 
made with the tumor-free survival at 3, 4, 
and p years. 

. Persistent tumor cells in the vaginal 
smear have no prognostic significance when 
present before the 4th month post irradia- 
tion, 

The absence of tumor cells in the 
smear taken 4 months or later after ther- 
apy is associated with a relatively good 
prognosis, particularly in Stage 1 and n. 

s. The presence of tumor cells 4 months 
or later after therapy 1s associated with a 
poor prognosis. 
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6. An occasional patient may have 
tumor cells present in the vaginal smear as 
long as 12 months after treatment and 
never show further evidence of disease. 
Victor A. Marcial, M.D. 

Director, Radiotherapy and Cancer Division 
Puerto Rico Nuclear Center 

Caparra Heights Station 

San Juan, Puerto Rico 00955 
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BIOLOGIC BASIS OF PREOPERATIVE 
RADIATION TREATMENT* 


By W. E. POWERS, M.D., 


and Ll. 


. PALMER, M.D.f 


With the Technical Assistance of edi Patterson, B.A. 


ST. LOUIS, MISSOURI 


T IS from an evaluation of the patients 

who fail to be cured of their cancer that 
we mav look for the means and mechanisms 
to modify treatment and improve clinical 
care. Unfortunatelv, we have a verv large 
patient material upon which we mav make 
our investigation. The American Cancer 
Society estimates that "approximately 
300,000 persons will die of cancer this 
year—-approximately 800 per day, 1 every 
2 minutes," 

Reports of clinical cure rate for selected 
head and neck tumors 
the cervix indicate an improvement in 
cure bv a factor of 2 in the past decades.” 
These mprovements in cure have come 
from earlv case finding and better patient 
care, However, in the recent past, there 
has been no significant variation in the 
cure rate in a number of other lesions, for 
example: carcinoma of the breast, colon or 
lung—-the tumors causing the most deaths 
due to cancer.’ Of this group, carcinoma of 
the lung may be considered a special case, 
as the increased frequency of occurrence, 
the relatively specific etiology (cigarette 
smoking) and the very low cure rate all 
suggest that this problem is probably best 
solved by prevention rather than cure. 
Carcinoma of the colon and 
the breast have been treated by radical and 
supraradical surgical and radiation therapy 
efforts with the only apparent improve- 
ment over the past three decades being 
that benefit associated with improved case 
selection but with no improvement in the 
over-all survival rate.??7 

It is the concern of clinicians responsible 


or for carcinoma of 


carcinoma of 


for the care of patients with cancer to de- 
velop improved methods of treatment 
increased cure rate with decreased com- 
plication rate. To this end, any rational 
and well conceived modification of our 
therapeutic attack should be considered 
and evaluated. The addition of radiation 
therapy prior to the surgical resection of 
the lesion constitutes a conceptual change 
that can be tested and evaluated. 

The major intent of the authors is to 
recommend a study in patients, and to this 
purpose, an attempt will be made to con- 
struct a rational basis for the use of pre- 
operative radiation therapy to increase the 
cure rate of cancer, to suggest a mech- 
anism by which v ation might lead to 
benefit without undue increase in com- 
plications and to support by experimental 
evidence the validity and applicability of 
these theoretic considerations. 


I, THEORETIC BASIS OF 
PREOPERATIVE IRRADIATION 
A. PATIENTS WHOSE OUTCOME CAN BE MODIFIED 
BY PREOPERATIVE IRRADIATION 
It is apparent from a study of the pa- 
tients who fail after treatment that the 
failures occur by a number of processes.?:?5 
It is necessary, first, to define those process- 
es of failure that caz be modified by pre- 
operative irradiation and to separate these 
mechanisms of failure from those in which 
preoperative irradiation administered lo- 
cally cag not presently (with our present 
knowledge) increase the clinical cure rate. 
The methods of failure that caz be modified 
include the following: 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27- 
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y rom the Mallinckrodt Institute of Radiology, W ashington University = hool ef Medicine, St. Louis, Missouri. 
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1. Local recurrence: when in the case of 
irradiation or surgical extirpation of a 
tumor, a local recrudescence appears in the 
wound or at the margin of the irradiated 
field; tumor cells have been left unaffected 
in the patient and the cells left are sufficient 
in number and nature to reinitiate the 
tumor, In the case of the radiation therapy 
patient, a failure may be due to the radio- 
resistance of an anoxic population of cells 
or due to cells outside the irradiated field 
(geographic miss). In the case of failure 
following local surgery, the recurrence rep- 
resents regrowth of remnant cells from 
either tumor extensions which have been 
cut across at the time of surgery or from 
cells deposited 1n the wound at the surgical 
procedure (Fig. 1). The idea of tumor re- 
growth occurring from these remnant cells 
is not meant as an attack on the concept of 
surgical removal of tumor, but rather as a 
search for understanding of tumor recru- 
descence and for methods to reduce the re- 
currence rate. 

2. Tumor cell dissemination during sur- 
gery. It is necessary to recognize that tumor 
cells can be disseminated at the time of the 
surgical procedure. Washings of the wound 
area and collections of blood from vessels 
draining the operated region have demon. 
strated the presence of tumor cells.?. 53-5 
The finding of tumor cells at the site of a 
suture anastomosis performed at some dis- 
tance from the original tumor, or the find. 
ings of tumor growing in graft donor site 
are all evidence for cell transplant at the 
surgical procedure (Fig. 1).° These phenom- 
ena occur as a result of the cellular nature 
of the tumor and the failures originating 
from these mechanisms suggest that a rela- 
tively small number of cells are able to 
initiate a tumor when the cells are in an 
adequate supporting environment. The 
fact that not all of the patients who have 
had demonstration of cell dissemination 
later developed metastases suggests that 
there are defense mechanisms to inactivate 
these cells or that a large number of cells or 
suitable lodgment of the cells is necessary 
for tumor regrowth and treatment failure." 
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Fic. 1. Preoperative irradiation may be of value 
under the depicted conditions: tumor cut across; 
tumor cells implanted; lymphatic dissemination; 
vascular dissemination. (Modified. from Cole, 
W. H. e£ al? Appleton-Century-Crofts, Inc., New 
York, 1961.) 


Itis agreed that tumors most frequently fail 
because ot cell dissemination due to en- 
tirely natural processes that take place 
prior to the first visit of the patient to a 
phvsician, Since as yet we have no effective 
answer to this early dissemination, it is 
onlv in those patients in whom tumor cell 
dissemination occurs at the time of surgery 
that we are able to postulate a difference in 
outcome by the addition of radiation ad- 
ministered preoperatively. 

3. Far advanced tumor. Preoperative ir- 
radiation might be of value in those pa- 
tients in whom the tumor is in immediate 
proximity to or infiltrating a structure vital 
to life or function. A suitable reduction in 
the size and extent of the tumor or inactiva- 
tion of the tumor extensions into the vital 
organs may render an inoperable patient 
operable. Similarly, in the case where a 
tumor 1s in immediate proximity to struc- 
tures that may be extremely radiosensitive, 
the use of a less than dangerous dose of 
radiation preoperatively may be rational. 


B. PATIENTS WHOSE OUTCOME IS NOT MODIFIED 
BY PREOPERATIVE IRRADIATION 

It is also necessary to define those other 
situations in which—no matter what the 
dose, no matter what the time period of 
administration, and no matter what the 
time period of waiting between irradiation 
and surgery —preoperative radiation ther- 
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apy cannot produce benefit. These cases 
and situations include the following: 


1. Patients with metastases 


a. Clinically evident metastases. In. pa- 
tients who have metastatic disease prior to 
the consideration for surgical therapy, no 
benefit can be obtained from the adminis- 
tration of preoperative irradiation, These 
cases include those who have clinically evi- 
dent metastatic disease or wide local ex- 
tension, which preclude any thought of 
curative surgery. Unless the preoperative 
irradiation affects the tumor metastases, 
cure will not be obtained. In these cases, 
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Fic. 2. Situations in which preoperative irradiation 


is presumably of no value. (4) Clinically recog- 
nized metastatic disease. Carcinoma of breast with 
clinically evident supraclavicular and pulmonary 
metastases. (B) Clinically unrecognized metastatic 
disease. Carcinoma of breast with clinically unrec- 
ognized metastatic disease. Carcinoma of breast 
with clinically unrecognized pulmonary parenchy- 
mal and internal mammary lymph node metas- 
tases. (C; Malignancy with infrequent recurrence. 
Medullary carcinoma of breast. Metastases are 
rare and unlikely. 


since a curative surgical approach is un- 
likely, the lack of success will not be attrib- 
uted to the failure of preoperative radia- 
tion therapv, but rather to the existing ex- 
tent of the disease (Fig. 2.7). 

b. Chuically unrecognized metastases. An- 
other group of patients mav have clinically 
unrecognized metastases at the time of 
treatment (Fig. 25). These are patients 1n 
whom metastases arise from cells dis- 
seminated at any time prior to treatment— 
whether by natural mechanisms, tumor 
manipulation, or biopsy procedures. The 
fact that these patients are not recognized 
and their frequency is not known makes it 
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impossible to eliminate them from any 
study series of cases. It must be recognized, 
however, that this group of patients (those 
in whom dissemination has occurred and 
metastases are present but unrecognized at 
the first visit of the patient to the physi- 
cian) makes up the major population of 
patients who fail following treatment of 
cancer performed for cure. The high fre- 
quency of occurrence of this phenomenon— 
clinically unrecognized disseminated tu- 
mor—makes it unreasonable to expect a 
miraculous increase in cure rate by any new 
local therapy that we administer. Thus, 
because of this too frequent problem, pre- 
operative radiation therapy can haveonly a 
limited benefit. It is also important to ob- 
serve that an extremely large series of pa- 
tients will be necessary in order to includea 
population of patients in which the treat- 
ment method may display its effectiveness. 
The group of patients with clinically un- 
recognized disease in which either of the 
alternative methods of therapy—surgery 
alone or preoperative irradiation plus sur- 
gery-—is doomed to failure, dilute any ran- 
dom allocation series, and conceal benefits 
which may be produced in the patients 
whose outcome is modified.’ 


2. Nonrecurring carcinoma 


A second large group of patients who will 
receive no benefits from preoperative ir- 
radiation are those individuals who have a 
tumor of such nature that cure is usual and 
failure to cure rare (Fig. 2C). Examples are 
lesions such as small carcinomas of the skin, 
selected histologic types of breast carci- 
noma, early stage carcinoma of the cervix, 
or histologically benign tumors which are 
life-threatening because of their location. 
If failure to cure is rare, only a small in- 
crement in cure can be expected, and it 
seems unreasonable to subject these pa- 
tents to any risk associated with pre- 
operative radiation therapy. This group of 
patients also would be detrimental to any 
study group, as the outcome can not be 
modified by the alternatives of treatment 
method, and therefore, this group also 
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tends to dilute and hide any benefit that 
might be obtained.? 


C. CHARACTERISTICS OF PATIENTS WHO WILL 
RECEIVE BENEFITS 


From these considerations, 1t 1s possible 
to define the characteristic of the popula- 
tion of patients who will benefit from pre- 
operative irradiation. These characteristics 
are 28:2? 


1. Viable cells capable of reinitiation of 
the tumor are left in the patient at the 
time of completion of either surgery 
or irradiation applied for cure. 

2. The cells are included in the pre- 
operztive irradiation field. 

3. The dose of preoperative irradiation 
administered must be such as to 
modify in some way the tumor cells 
that are left and thus prevent their 
regrowth as either metastasis or local 
recurrence. 


D. MECHANISM OF RADIATION ACTION 


Itis apparent that irradiation can act by 
a number of mechanisms to produce the cell 
inactivation necessary for benefit. Those 
mechanisms that have been postulated in- 


clude the following: 


I. Either effects on the host that prevent 
tumor cells from growing into tumors, 
or 

2. Direct effects on the tumor cells. 


Among the host effects which have been 
postulated or described are fibrous encap- 
sulation of cells or blockage of vessels or 
lymphatics, which trap tumor cells and 
prevent regrowth. Another possibility of 
the host effect is that “immunity”? destroys 
tumor cella left locally or disseminated. 
Each of these mechanisms may exist and all 
are subject for experimental investigation 
as to the extent of their participation in 
the benefit.of preoperative radiation ther- 
apy. Alternatively, it has been suggested 
that the primary effect of value in pre- 
operative irradiation is the direct effect of 
ionizing raciation on the tumor cells. It has 
long been known that the primary effect of 
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radiation is destructive to the cells. Ever 
since this was recognized, it has been rea- 
sonable to perform localized preopei “ative 

radiation therapy as a means of destroying 
in situ tumor cells before operating. The 
particular relationship observed in radia- 
tion cell survival studies makes local pre- 
operative radiation therapy an attractive 

adjuvant, 25.29 


E. CLINICAL PROBLEM 


It is clear from observation of patients 
that there are several considerations that 
need be evaluated. We do not know the 
number of viable cells left in the patient at 
the time of the surgical procedure or local 
irradiation. (Fig. 3.7). If the surgeon is 
aware that he cuts across tumor or the 
radiation therapist aware that he is missing 
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hia. 3. “Phe detailed mechanisms of postoperative 


tumor recurrence are unclear. (4) The number of 
cells lett at surgery is not known. (B) The number 
of cells. -equired to regrow a tumor is not known. 

2) The number of cases in which recurrence is 
due oniy to cells disseminated or left locally at the 
time of surgery is not known, 


tumor cells, he modifies his procedure so as 
to encompass these cells. We do not know 
the number of cells required to initiate re- 
growth of the tumor in the patient (Fig. 
3B). We know that the number is prob ably 
more than a single cell, but we have no 
significaat measure as to how great a num- 
ber it is. We are also quite unaware as to 
the number of patients in whom the failure 
is due to cells left or disseminated at the 
time of surgery (Fig. 3C). Thus, we can 
only guess at the size of the population of 
patients in whom a modification in cure can 
be procuced by preoperative radiation 
therapy. 

Ethical considerations preclude the per- 
formance in human patients of the biologic 
studies that will allow us to determine the 

radiation sensitivity of the tumor cells, We 
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are not allowed, nor is it reasonable to 
suppose that we ever should be allowed, to 
leave cells in patients in order to determine 
the number that causes a tumor. We must 
put our best efforts to improve the cure of 
each patient, rather than use him as a 
studv svstem to obtain biologic knowledge. 


II. ANIMAL STUDIES 


From these considerations, 1t seems rea- 
sonable to attempt to simulate in animals a 
tumor cure model system and trv to eval- 
uate the basic mechanisms that contribute 
to preoperative radiation therapy benefit, 
and also to perform direct preclinical ex- 
periments studying the benefit of radiation 
administered preoperatively. 

We are not able to determine (except in- 
directly) the number of cells left in the 
animal at the time of the surgical proce- 
dure. We have attempted to study the 
several phenomena available: 


I. The number of cells necessary to 
cause a tumor in an animal. 

. The radiation sensitivity of these 
tumor cells. 

3. The benefit of irradiation adminis- 
tered preoperatively. 


t2 


The tumor system used in these experi- 
ments is the 6C3HED tumor (Gardner's 
lymphosarcoma) grown in young adult fe- 
male C3H/anf mice. The mice are pur- 
chased from Cumberland View Farms, 
Clinton, Tennessee, and the tumors used in 
the experiments have come from a number 
of sources, including the Jackson Labora- 
tories, Bar Harbor, Maine, and Dr. Robert 
EF. Kallman, Stanford University, Palo 
Alto. The techniques of the cellular assay 
system, the random allocation procedure 
and radiation therapy procedures have 
been described.?5/?? 


A. NUMBER OF CELLS TO CAUSE A TUMOR 


In our studies, the number of cells re- 
quired to initiate a tumor when the cells are 
transplanted into a new host, depends upon 
the characteristics of the host. It is appar- 
ent from Figure 4 that in the case of an 
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Fic. 4. The number of cells required to cause a tu- 
mor (6C3H ED). 

Open circles: Response of normal mice which 
have never been exposed to tumor cells. One cell 
causes 30 per cent of animals to develop tumors; 
io cells cause tumor to grow in 100 per cent of 
mice. Solid circles: Response of mice which have 
been cured of tumor. About 200,000 cells are re- 
quired to cause tumors in 50 per cent of the ani- 
mals. Tumor bearing mice require between 1 and 
200,000 cells to cause growth of a new tumor. 


animal which has never been exposed to the 
tumor cells, a very small number of cells is 
adequate to initiate tumors in the animals. 
On the other hand, in animals who have 
been cured of a tumor, a much larger num- 
ber of cells is required. From other observa- 
tions it appears that an animal in whom 
tumor is growing represents a case which is 
somewhat between the two extremes. This 
is probably reasonably similar to the clin- 
ical situation in which one cell (the theoret- 
ically minimum that could be effective) 1s 
not sufficient, and a very large mass (a 
gram or more) is not required. 


B. RADIATION SENSITIVITY OF TUMOR CELLS 


A studv of the radiation sensitivity of 
this population of cells demonstrates simi- 
larity to the other 7 vivo and in vitro quanti- 
tative assays of cell survival that have been 
reported. Our results indicate a multicom- 
ponent survival curve in which the relation 
between the dose of radiation applied and 
the number of cells surviving represents 
essentially an exponential function (Fig. 
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DOSE IN RADS 


Fic. g. Relation between dose of radiation and 
tumor-forming capacity of 6C3HED (Gardner 
lymphosarcoma) cells irradiated and assayed 
in vivo (1,800 mice). 

It is clear that a small dose (500~1,000 rads, 
vertical lines) inactivates (kills) the overwhelming 
proportion of cells. A large dose (3,000~4,000 rads) 
Is required to cure the tumor, 


In other populations studied, there is 
variance in sensitivity of only about 4; this 
Is sufficient to produce extreme differences 
in the fraction surviving a given dose of ir- 
radiation. In these studies, 1t is the survival 
of a cell (ability to continue to proliferate 
and reproduce indefinitely) which is being 
evaluated. In this sense, a cellular popula- 
tion is sterilized, killed or inactivated when 
the cell’s capacity to proliferate and rep- 
licate indefinitely is destroyed. It is this 
particular biologic characteristic of a tumor 
cell which contributes to the tumor mass 
and to the death of the patient, and it is 
this particular characteristic of a tumor cell 
which must be destroved if we desire to 
prevent a single cell or a small number of 
cells to initiate a recrudescence. 

C. SIGNIFICANCE OF CELL SENSITIVITY STUDIES 

The following general characteristics are 
observed in cell survival studies that have 
been performed in vivo and in vitro in 
normal cells and tumor cells, in animal cell 
studies and in human cells in tissue cul- 
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ture, 7199,55534048. Tn the relationship 
between the dose of radiation and the sur- 
viving fraction, there has generally been 
observed a shoulder (which may or ma y not 
be present) followed by an essentially ex- 
ponentia: relationship between the surviv- 
ing fracton of cells and the dose of radia- 
tion applied. Some general implications 
and extrapolations from these data are of 
considerable importance to an understand- 
ing at a biologic level of some radiation 
effects as they may apply to clinical prac- 
tice. 

1. Ali cells studied are radiosensitive. The 
inactivation of cells appears to be a random 
process and the survival of a cell a prob- 
ability fanction, Although the slopes of 
the exponential inactivation curves are 
different, all of the populations demon- 
strate a similar type response as regards 
cell killing. From this, it is possible to 
extrapolate that: 


a. A small dose of radiation (s00 to 
1,020 rads) inactivates the major por- 
tion of the population of cells. 

b. A very large dose of radiation (2,000 
to 4,000 rads) will be required for in- 
activation of a sufficient proportion of 
cells as to cause a high probability of 
cure. 

c. The proportion of cells inactivated 
with each increment of dose is similar 
on the straight line portion of the sur- 
vivel curve. This indicates that each 
additional given dose of radiation, 
while it inactivates the same propor- 
tion of cells, is progressively affecting 
à smaller total number of cells. This 
results from the fact that a smaller 
number of cells remains active and 
thus capable of being inactivated. 

d. From the observation of biologic as- 
says, it Is apparent that the effect of 
radiation on cells is immediate. This 
does not in anv sense imply that the 
changes resultant from this effect or 
the response of the cells to the radia- 
tion are going to be immediately ex- 
pressed. As a matter of fact, the his- 
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Fic. 6. Analogy between surgical failure and experimental tumor cell growth. 
An analogy is presented suggesting that dissemination of cells at surgery (C and D) is equivalent to inocula- 
tion of cells in causing recurrences (4 and B). In Æ and B it can be demonstrated that administration of 
small doses of radiation prior to inoculation causes a marked reduction in the capability of the cells to grow 


tumors (see Fig. 5). 


tologic, cytologic and genetic conse- 
quences of the radiation may be 
masked for some period of time? and 
it may be necessary for cell division or 
other biologic stress or change to take 
place before expression of the damage. 


As has been pointed out, nearly all of the 
cells studied have similar sensitivities 
within a relatively narrow range. The 
similar sensitivity is indicated by the fact 
that the variation in slope of the exponen- 
tial inactivation curves is only about a fac- 
tor of 4.9 It is also apparent from these 
curves, however, that this is sufficient vari- 
ation to explain the tremendous variation 
in sensitivity of tumors in patients that we 
treat. 

It is clear from observation and extrap- 
olation from experimental evidence that 
there is nearly as much variation in the 


sensitivity of a population of cells due to 
the condition and environment of cells at 
the time of irradiation as there is variation 
of the cell type. 

It is apparent from studies? that frac- 
tionated radiation therapy has a consider- 
ably different effect than single doses, due 
to the demonstrated cell recovery in the 
interval between fraction of radiation. 


D. PREOPERATIVE IRRADIATION ANALOGY 


Since we are not able to perform cell sur- 
vival studies and biologic investigations in 
man, it seems reasonable to consider how 
far a proposed analogy will apply in a pre- 
clinical study and estimate the usefulness 
of this analogy to the clinical problem (Fig. 
6, 4-D). To this end, we have set up an 
analogy between a tissue culture plate of 
tumor cells and an animal with a tumor. In 
each case, cells removed from the original 
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Animal experiment to test the value of pre- 
operative irradiation. 

No treatment—all animals died of tumor. 

too rads to tumor-—all animals died of tumor. 

Surgery*— $3 per cent survived, tumor-free for 
200 days. 

soo rads to tumor-+immediate surgery*—85 
per cent survived, tumor-free, for 200 days. 
Statistically significant: P =0.001. 


Fig, 7 


* Surgeon did not know which mice had been given roentgen- 
ray treatment and which had not, 


suspension or tumor and then inoculated 
into either an animal or another culture 
plate will result in tumor cell growth to 
form a colony or a new tumor (Fig. 6, 7 and 
B). In each of these instances, the tumor 
cell has manifested 1ts capacity to continue 
to divide. We know from experiments* ®t 
19,30,31,33.40.42 that irradiation performed at 
any time changes considerably the prob- 
abilitv that cells will grow to a colony in 
the plate or into a tumor in the animal. We 

can also observe in the animal svstem that 
if we remove the tumor surgically and 
tumor cells are left, tumors will regrow 
(Fig. 6C). In c linical practice, we observe 
instances in which a patient with cancer 
has a surgical procedure and tumor cells 
left in the wound grow into a recurrence of 
the tumor (Fig. 6D). It can be argued, 
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therefore, that since radiation in relatively 
small doses is effective in reducing tumor 
recurrence in the first two instances, it 
should se effective in the last two as well, 
If irradiation proves beneficial in the pre- 
clinical studv, 1t seems reasonable to per- 
form a amilar studv in man. For this rea- 
pu. it was desired to test the hypothesis 
hat Za dose of radiation less than that re- 
e ed far cure is administered it significantly 
modifies the surgical cure of a tumor, by 
studying an animal tumor system. 


E. PEZOPERATIVE IRRADIATION IN ANIMALS 
WITH TUMORS 

This study was performed in a popula- 
tion of animals in which tumor was trans- 
planted and allowed to grow subcutane- 
ously. The animals were then randomly 
allocate? into separate treatment groups. 
The tumors were either irradiated or not 
irradiated, and the mice operated upon 
immediately. The surgeon was not jn- 
formed zs to whether the animals had re- 
ceived radiation and consistently per- 
formed the best operation to remove the 
tumor. The experiment and the results are 
indicate: in Figure 7. It can be demon- 
strated that in animals in whom no radia- 
tion therapy had been applied, all of the so 
animals died. Similarly, in the so animals 
who rece ved 500 r to the tumor area, all of 
the animals died of tumor. In a similar 
populatson, ees had the surgical pro- 
cedure performed; $3 per cent of the 106 
animals operated survived for over 6 
months without evidence of tumor recur- 
rence. In another parallel group of 116 
animals in which £00 r was given preopera- 
tively and the surgeon immediately re- 
sected the tumor (the surgeon not knowing 
that the group had preoperative radiation 
therapy.. there was a significant improve- 
ment, with 8§ per cent surviving free of 
tumor recurrence. The probability of this 
occurring due to chance (x? test) is P<.oo1. 
Similar studies have been performed on 
other arimal tumor systems (Table 1). 
these it appeared that a relatively low dose 
of radiation (less than a curative dose) 
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Approx. dose of 


Survival with 


Preoperative Survival with preoper- 


Tumor irradiation to irradiation ative irradiation and 
on surgery alone | . 
cure 50% £ dose surgery 

B16.Melanoma $,000 f (eh 122 62% 1,000 T 94/115 82% 
KHT 5,000 f 33/51 65% 1,000 f 33563 62% 
47/72 62% 1,000 r 41/65 62% 

52/796 68€ 3,000 r 56/80 70% 

KHAA 5,000 rT 18/60 30% 1,000 r 40/60 66% 
19/87 3370 2,000 r 37/406 80% 

10/36 27% 2,000 f 21/28 7596 

mM 6/61 1 Ob 52000 f 29/66 44 0 
KHDD 5,000 r 9/63 46% 1,000 r 45/67 67% 
BW 10232 5,000 Yr 110/133 82% 1,000 Tr 103/129 80% 
KHSH 5,000 I 1/51 100% 1,000 T 23/39 100% 
6C3HED 1:700 56/106 53% goo r 99/ 116 86% 
6C3HED (imm inc)* S000 F 1/75 W soor 15795 20% 
6C3HED (imm inc)* ^ DOO f 0/20 15; 1,000 Ff 10/20 coU 
3 «t3 rae : M. Pa S 


* imm inc-—rendered “immunologically incompetent” with 250 rad whole body dose and cortisone before tumor inoculated. 


B16-Melanoma--significant benefit at $ curative dose 


KH T-—no benefit in 3 experiments with doses up to $ curative dose 


KHAA —significant benefit at $ curative dose, Increased benefit with larger dose (2 curative) in 2 experiments, With very larue, 
nearly inoperable tumors, a dose of 3,200 rads produced significant benefit 


KHDD--significant benefit at $ curative dose 
BW 10232—no benefit 


KHSH -—no benefit; 100 per cent cures with or without Irradiation 


6C3HED--—significant benefit at $ curative dose 


6C3HED (immunologically incompetent)— significant benefit, with increased benefit at higher doses 


significantly modified the curability of the 
tumors in almost all of the tumors. The dis- 
crepancy from the hypothesized results is 
pointed out in the caption. 

In all of the experiments the surgical 
wounds healed completely although often 
delayed. 


F. WOUND HEALING 


The question must be raised, "How can 
a surgical wound heal if the normal cells 
are equally sensitive to the radiation doses 
as the tumor cells?" While the mechanism 
of healing is not clearly known, it is possible 
to speculate that wound healing occurs pri- 
marilv from cells that have grown into the 
wound area from other unirradiated parts 
of the body—certainly such is the mech- 
anism of healing of radiation epidermitis 
produced in the normal skin during the 
curative treatment of skin cancer. In any 
case, while the mechanisms of wound heal- 
ing are not clear, the wound healing com- 


plication rate should not be excessive fol- 
lowing discreetly applied preoperative radi- 
ation therapy. 

To this end, a series of experiments has 
been performed in animals to determine the 
interference to wound healing by preopera- 
tive irradiation. In these studies, a group of 
animals was divided by random selection 
into similar smaller groups, each to be 
treated differentlv. The common treatment 
was a surgical procedure consisting of ex- 
cision of an ellipse of skin followed by su- 
ture of the wound. The various groups of 
mice received graded doses of roentgen ravs 
to a larger ellipse of skin including the en- 
tire area of the proposed surgical wound. 
The surgeon was not aware of the dose of 
radiation that had been applied, but per- 
formed similar duplicate operations. All 
mice were examined dailv to determine 
wound healing. There is observed progres- 
sive increase in wound healing delay with 
increasing dose of radiation (Fig. 8). 


186 


1000; + 200084 
Surgery Surgery 
^ ; 





Surgery — 


: y 3000: + 4000r + 


a , Surgery e Surgery 
P a 


* 










(00 


bu fo] 
oe e 


PERCENTAGE HEALED 
> 
- 


20 





Ü 4 8 i2 i6 20 24 28 32 36 40 
DAYS AFTER SURGERY 


lic. 8. Relation between wound-healing delay and 
dose of roentgen rays to skin, 

Forty mice used to construct each curve. Mice 
were irradiated, an elliptic piece of skin removed, 
and the wound sutured. Surgeon did not know 
which mice had received radiation and which had 
not. 

1,000 rads-—no delay. 

2,000 rads-—slight delay. 

3,000 rads-—moderate delay, 

4,000 rads—very marked delay. 


IT. DISCUSSION 


A, ALTERNATIVES TO PREOPERATIVE IRRADIATION 


It is apparent that there are other alter- 
natives to the use of preoperative irradia- 
tion to control cells left or disseminated at 
surgery. 

Drug therapy. It is reasonable to con- 
sider the use of drugs or chemicals which 
are destructive to cells. While cytotoxic 
drugs would seem useful preoperatively, 
their successful employment, if adminis- 
tered systemically, requires differential ac- 
tion, specifically inactivating tumor cells 
in preference to normal cells; and ad- 
ministered locally, requires that the drugs 
reach and affect all of the tumor cells. 
These conditions do not appear to be ful- 
Cm 

Postoperative irradiation. As another 
EXC to preoperative radiation 
therapy, it is reasonable to consider the 
use of postoperative irradiation. In this 
circumstance, it is possible to speculate on 
the variation in benefit to be obtained as 
contrasted to that from preoperative radia- 
ton therapy. Irradiation given post- 
operatively would not be injurious to cells 
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that had been distributed outside the 
wound area at the time of the surgery. 
Since no irradiation precedes surgerv, cells 
disseminated systemically by — either 
lymphatic or vascular routes or cells 
transplanted to a distant site at the time of 
surgery would not be affected. It appears 
that postoperative radiation therapy would 
not succeed in such patients. In the alter- 
nate situation, that of cells left in the 
operative site, it is probable that these 
cells would be affected equally by post- 
operative treatment as by preoperative 
such equivalent result, however, requires 
that these cells be at the same radiation 
sensitivity as they would have been at the 
time of initial preoperative radiation ther- 
apy. Since 1t is possible that the cells that 
are m shed or cut across in the opera- 
tive procedure are peripheral, relatively 
well growing cells, it is possible that these 
cells will be more sensitive than those left 
in the operative wound in which region the 
oxygen tension may be reduced. If there is 
sufficient. modification of the oxygenation 
of these cells by the operative procedure 
so that the cells are relatively unoxygen- 
ated in the postoperative period, their 
radiation sensitivity may be considerably 
altered.??!8 Another consideration which is 
detrimental to the use of postoperative 
radiation therapy is that the irradiation is 
applied to those cells involved in healing 
the surgical wound. If these considerations 
are valid. it seems that preoperative radia- 
tion therapy has a greater probability of 
benefit than the use of preoperative drugs 
or postoperative radiation therapy. 





D. OPTIMAL PREOPERATIVE IRRADIATION 

It is not adequate to presume that pre- 
operative radi ation therapy is of benefit 
(Table 113,519.1.22—? Tt is necessary to con- 
sider how ee al it is and how to 
optimize this benefit. It is apparent that 
we must evaluate several treatment charac- 
teristics, namely, the optimal dose, the 
optimal time over which this dose should 
be applied, and the optimal delay between 
irradiation and operation. We must observe 
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TABLE II 
OTHER ANIMAL TUMOR PREOPERATIVE IRRADIATION DATA* 
Approx. dose to Cure with Preoperative xs 
Author Tumor cure 50% surgery only Er itradiaton 
and surgery 
Nakayama st a7. * MH134 Not stated 3/19 (16%) | 2,000r s/18 (28%) 
(1963) Mouse hepatoma (a days delay) 
for surgery) 
Agostino and Nickson! Walker 256 Not stated at/toc (21%) | 800r 40/100 (40%) 
(1960) Carcinosarcoma l (1 day delay 
for surgery) 
Inch and McCredie”! Walker 256 6,000 r 18/35 (51%) | 2,000r 30/34 (88%) 
(1963) Mammary carcinoma (9095 cure dose) 
Inch and McCredie® C3H 6,000 r 36/63 (57%) | 2,000 r 40/63 (66%) 
(1963) Mammary carcinoma (c095 cure dose) (1 day delay 
for surgery) 
Inch and McCredie C3H 6,000 r 33/84 (3995) | 2,000r 42/71 (59%) 
(1964) Mammary carcinoma (9095 cure dose) (6 days delay 
for surgery) 





* Cell survival studies are not included in the table, but are listed in the bibliography 


the effects not only on the tumor, but also 
on the healing mechanisms that will be 
necessary to preserve life and function. 

I. Optimal dose for a given time of ad- 
ministration. The characteristics of the 
dose of radiation to be applied for greatest 
beneficial effect depend upon several 
factors: 


a. The number of tumor cells left or 
disseminated at surgery. 

b. The number of cells required to reini- 
tiate a tumor. 

c. The radiation sensitivity of the tumor 


cells. 

d. The radiation sensitivity of the 
normal structures required for 
healing. 


Tumor cells are spilled in the operative 
wound and the circulatory system, but as 
pointed out, the frequency of this occur- 
rence and the number of cells remnant is 
not known. It is apparent that at least one 
cell is needed to cause recurrence, but it is 
possible that more are required. It is even 
possible that there will be a great variation 
in the number of cells needed, depending on 
the characteristics of agglomeration, dis- 
tribution and environmental conditions at 


the site of deposition. We have inadequate 
information about these parameters, but it 
is probable that a large number of cells 
may be required, since it has been demon- 
strated thet all patients who have circu- 
lating cells do not develop tumor recur- 
rences.? If more than one cell is required to 
initiate a tumor, the probability of a recur- 
rence depends on the ratio between the 
number of cells left in the patient and the 
number of cells required to regrow the 
tumor. If the ratio is one or more, the 
probability of recurrence is great. If the 
ratio is less than one, the probability of 
recurrence should be small. A third factor of 
significance is the radiation sensitivity of 
the tumor cells as they exist in the patient. 
In the reported in vivo and in vitro tumor 
cell studies, there is some difference in 
radiation sensitivity of the cells of various 
tumors studied as well as variation in 
sensitivity, depending upon the degree of 
oxygenation of the tumor cells. We have 
no way of knowing the oxygen tension or 
the radiation sensitivity of human tumor 
cells, and we are unable to determine 
what extrapolation from studies of animal 
tumor cells or human cell culture might be 
reasonable. 
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We are largely ignorant of the radiation 
sensitivitv of the normal tissues, either 
normal cells or the supporting connective 
tissues. It is these cells that are required 
for healing the surgical wound produced at 
the excision of the tumor. It mav even be 
that the healing takes place bv migrating 
normal cells. This opportunity for migra- 
tion of unchanged cells from unirradiated 
areas into the wound site is relatively 
unique for preoperative radiation therapy, 
which is one of the few forms of directed lo- 
calized treatment to be administered preop- 
erativelv. In the case of postoperative ra- 
diation therapy, the healing cells are su bject 
to the damage of the treatment. In the 
case of the systemic use of drugs in lieu of 
preoperative radiation therapy, the cells 
concerned with healing, even though they 
are at a distance from the wound, and 
would migrate into the wound to aid in 
healing, would also necessarilv receive a 
toxic effect from the systemic agent. Of 
possible benefit is protracted and frac- 
tionated roentgen therapy administered 
preoperatively. It may be that the kinetics 
of cell turnover in the normal cells permit 
the type of repopulation that is observed in 
the therapy of pelvic carcinoma, in which 
the small bowel epithelium—one of the 
most rapidly growing in the human orga- 
nism—is not destroyed or denuded in the 
course of curative dose administered to the 
tumor. 
: and time distribution. 
Another factor that will modify consider- 
ably the optimal characteristics of pre- 
operative radiation therapy will be the 
fractionation and the time period over 
which the treatment is apphed. This frac- 
tionation may permit a repopulation of 
some of the normal tissues. Delay may, 
however, also be associated with an increase 
in radiation resistance of the tumor orre- 
population of tumor cells. It is necessary to 
hgure out which of these is going to be oc- 
curring to the greater extent so as to pro- 
duce the best net benefit. 

3. Delay between irradiation and surgery. 
Another consideration is the optimal delay 
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between irradiation and the surgical pro- 
cedure. A delay period may permit repopu- 
lation cf the normal cells which would im- 
prove healing, but the delay may also be 
associated. with a repopulation of tumor 
cells, which would be antagonistic to our 
goal. In some cases of very far advanced 
and extensive tumor, some delay must be 
utilized to permit shrinkage of the tumor 
as an expression of cellular radiation dam- 
age. In this case, it is reasonable to delay to 
permit regression of tumor from the sensi- 
tive str ictures, so that the patient mav be 
operate.] upon with greater technical ease. 
The characteristics of the time delav are 
critical, as they may also be associated 
with a variation of wound healing. It is 
necessary, however, in any case to point 
out thay we must suppose that there will be 
some increase in wound complications if we 
expect to increase the cure rate, [n certain 
areas of the body, an interference with 
healing may be of limited concern to the 
patient: in others, an increase in complica- 
tion rat? or of the severity of the complica- 
tions might be so damaging as to preclude 
the utilization of the preoperative radiation 
therapy 


C, SPECIMENS REMOVED AFTER PREOPERATIVE 
IRRADIATION 

Evaluation of morphologic changes in 
the specimens observed after preoperative 
radiation therapy permits study of aspects 
of the response to irradiation of the tumor 
and the adjacent normal tissues which 
have been necessarily irradiated and re- 
moved with the tumor. It is possible to 
observe zither of two phenomena, and it is 
necessary to make some modern-day inter- 
pretation of each of these. 

I. [Vo tumor seen in specimen. One of the 
phenomena concerns the situation in which 
no tumcr cell is seen in the specimen, al. 
though a less than curative dose of radia- 
tion therapy had been administered.” To 
explain "his, we must consider that even a 
careful examination of a considerable num- 
ber of microsections is not adequate in the 
absolute sense to determine the presence or 


absence of a few remaining tumor cells. 
Only a minute portion of the specimen is 
examined, and in this circumstance, if the 
distribution of the remaining viable sells d IS 
random, it 1s possible that a tvpical his- 
tologic appearance may not be in evidence 
and detection might be difficult. It must 
be recognized, therefore, that the state- 
ment that no tumor cells are found is not 
proof that the tumor is, in fact, sterilized 
or cured. In the animal tumor svstems, de- 
termination of the presence of reproduc- 
tivelv viable cells is evaluated by a biologic 
test. Unfortunatelv, no such technique is 
available for evaluation of the surviving 
fraction ot the cells of a tumor in man. 
Only the clinical outcome of the therapy 
permits an evaluation of whether or not 
surviving cells are left. 

2. Tumor cells still present 1n specimen. 
In the second case, where tumor cells are 
present and no radiation effects seem ap- 
parent, it must be recognized that the 
appearance of identifiable cytologically 
intact cells found in the resected specimen 
indicates only metabolic viability, as indi- 
cated by the staining quality. This observa- 
tion does not determine or represent the 
reproductive capacity of the cells’ future.?? 
It has been observed that cells damaged 
sufficiently that death ensues may metabo- 
lize for some time and even undergo 
several divisions before dving.?? Similarly, 
radiation damage may be long concealed 
if the cell is not called upon to divide. In 
this circumstance, the radiation damage 
may be masked until a functional test 
(division or reproduction) is applied.” 
Since 1t Is the presence or absence of repro- 
ductively viable cells that is of ultimate 
concern to the recurrence of tumor, it is 
necessary that we be verv careful not to 
make incorrect extrapolations from patho- 
logic evidence. 

Changes im normal tissues. Similar 
problems exist in the evaluation of normal 
tissue. It is difficult for the pathologist to 
evaluate specific changes due to radiation 
because there are apparently onlv charac- 
teristic vascular changes that are associated 
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with high dose radiation therapy.” It is 
dificult to quantitate in a population of 
patients, each receiving similar dose, the 
frequency distribution of these vascular 
changes, and the early changes resulting 
from moderate doses of irradiation may be 
relatively nonspecific. Again, it is a func- 
tional test which we need to apply-—-wound 
healing or lack of healing—rather than the 
histologic test, which is of our ultimate 
concern. 


D. TYPES OF PREOPERATIVE IRRADIATION 


It is apparent from the foregoing that in 
cases in which onlv a small number of cells 
are left in the patient at the time of surgery, 
a different tvpe of preoperative radiation 
therapv is applied, as contrasted to cases 
in which the tumor is extensive and pos- 
siblv involving or impinging upon vital 
structures. In the former case, a relatively 
small dose of radiation with a small delay 
may be all that is required. In the latter 

case, it is necessary to consider a very large 
dose of radiation, probably approaching the 
curative dose. It is possible in the second 
case of the extensive tumors, to accept a 
high probability of complications and 
moderatelv destructive series of proce- 
dures, as the alternative may be death due 
to controlled disease. Therefore, it behooves 
us to recall that we have a spectrum of con- 
siderations for preoperative radiation ther- 
apv, and that we should seek to apply 
treatment that is reasonable and propor- 
tional to the response needed-—low doses 
with low complication rates in those cases 
where there is a probability of failure due to 
small population of cells disseminated, and 
high doses wi th the probability of signif- 
icant increase of complication rate in those 
cases in which the cure is highly question- 
able. 


E, TYPES OF OPERATIONS NEEDED 


Similarlv, we must recall that the opera- 
tion that is to be performed must be 
carefully considered. In the case of the 
patient who received a very small dose of 

radiation, there may be only partial regres- 
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sion of the tumor, and cert tainly inactiva- 
tion of only a portion of cells. Therefore, it 
seems reasonable that the operation must 
encompass all of the structures that would 
ordinarily have been removed, had pre- 
operative radiation therapy not been ap- 
plied. It 1s necessary to plan the surgical 
procedures in advance and clearly identify 
the size of the tumor and its probable ex- 
tensions and the margins of the operative 
field, before radiation induced regression 
causes such a change as to make the tumor 
identification impossible. Alternatively, in 
the case of high dose radiation therapy, it is 
very possible, although this concept and 
experience are not so clearly defined, that 
the operation may be reduced in scope. It is 
probably a great error to unnecessarily 
reduce the scope of the operation in even 
these cases. Surgery should be very care- 
fully planned prior to the institution of 
either portion of the therapy, and it 1s 
probable that any identifying means to 
demonstrate the probable preoperative 
extension and margins of the necessary 
operation 1s desirable. In our hands, we 
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have used tattooing of the mucosal struc- 
tures in order to define the extent of the 
operation planned prior to the treatment 
and resultant modification of the tumor 
landmarks. This is necessitated by the fact 
that there is often such a complete regres- 
sion of the tumor that the surgeon is unable 
to define the area where the tumor existed, 
and 1s hard-pressed to define, therefore, the 
area that should be resected and the limits 
and margins of this resection. In the case 
of the advanced tumor, 1t is not so difficult; 
the surgeon removes that which is possible 
and leaves those structures which are nec- 
essary to preserve function. It seems that 
a rational approach in a clinical situation 
can be obtained. 


F. NERD FOR PRECLINICAL STUDIES IN ANIMALS 


It is apparent that no patient series is or 
can be large enough to permit evaluation 
of all of the parameters and characteristics 
possible to use in preoperative radiation 
therapy as the number of unknowns permit 
such a number of permutations as to pre- 
clude cBnical evaluation of all of these 
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SIGNIFICANT CLINICAL STUDIES EVALUATING THE BENEFIT OF PREOPERATIVE IRRADIATION 


| Survival or re- Dose Survival or recurrence free 
Author | Tumor currence free | — preoperative | with surgery following pre- 


Mallams e al.” | Bronc "MM nic 
(1964) | carcinoma | 
| upenos sulcus) | 


with surgery only 


irradiation — | Ku dus irradiation 


3,000 t E 8/24 (I AW) (33%) 
| 2 years 





(65 3 EL carc inoma j 1 years i 3 years 
Lan el jal” 2: X Rectal carcinoma | FR 201 (23° "" |— 800 r-1,200 6 | 72/195 (3761) 
of) | (Duke’ S C) | $ years i | 5 years 
Henschke ef al.” | Metastatic epider- 41/61 (67%)* 2,000 r | 53/61 (87%)* 
(1964) | moid carcinoma | — ! year | |^: yeu 

| tonecklymph | | | 

I nodes | 
Tr el af, n Adi anced mam. | 6065 (3o01)T 1, $00 r-&.OoOrFr | "O67. (324) 
(1964) | mary carcinoma | | 


* Recurrence free locally, 
+ Berkson-Gage. 
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combinations. It, therefore, seems reason- 
able and necessary to institute further 
studies of a preclinical nature in. animal 
svstems which stimulate the patient popu- 
lations and problems. It is reasonable in 
these systems to study the characteristics 
and mechanisms associated with tumor 
dissemination and tumor cures, or with 
radiation sensitivity and wound healing 
problems. It is from these studies of 
mechanisms that we may be able to extrap- 
olate by understanding the mechanisms 
as they take place in man, rather than by a 
dose or delay or other particular direct 
extrapolation to man. 


G. NEED FOR CLINICAL STUDIES 


It is similarly necessary that well con- 
trolled clinical studies be obtained 1n man 
in order to define the nature and extent of 
benefit of preoperative irradiation and 
preclude undisciplined utilization of pre- 
operative irradiation as an habitual means 
rather than as a reasonable and educated 
directed effect. Fortunately a number of 
critical clinical studies are now underway. 
A number of clinical studies have been 
reported to show some benefit from pre- 
operative irradiation (Table n1). 


SUMMARY 


A biologic basis of preoperative radia- 
tion treatment has been presented and the 
various factors governing its application 
have been discussed in detail. 

W. E. Powers, M.D. 
Director, Radiation Therapy 
The Edward Mallinckrodt 

Institute of Radiology 
Washington University 

School of Medicine 
St. Louis, Missouri 63110 
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A NEW AFTERLOADING TECHNIQUE FOR INTER- 
STITIAL IRRADIATION USING RADIO- 
ACTIVE MICROSPHERES* 


By K. K. N. CHARY, M.D,, F.F.R. 


MINNEAPOLIS, 


TS principal methods are employed 
in the management of cancer by 
radiation; (1) irradiation from external 
sources, and (2) interstitial implantation 
of radioactive materials. External irradia- 
tion is easily administered; hence, it is 
most widely employed. Various techniques 
such as the use of multiple ports and wedge 
filters are used to help circumscribe the 
volume irradiated to high dose. Nonethe- 
less, irradiation of normal tissues in the 
path of the beam cannot be avoided. It is 
often the amount of radiation that these 
normal structures will tolerate that limits 
the dose delivered to a particular site. 

The introduction of radioactive materials 
directly into the part to be treated con- 
stricts the volume irradiated more effec- 
tively. Thus, high doses can be given to the 
tumor while all but the immediately adja- 
cent normal tissues are spared. Interstitial 
implantation. of radioactive materials is 
employed in either of two ways: (1) as a 
primary procedure, especially in cases of 
small tumors, or (2) as an adjunct to ex- 
ternal irradiation. preceding, during, or 
following its use. 

Two kinds of implants are used com- 
monly. The first is the removable implant 
where, typically, radium needles are re- 
moved after the specified dose has been de- 
livered. The second is the permanent im- 
plant wherein radioactive sources of short 
halt-life are left in place permanently. This 
latter technique 1s quick, better tolerated 
bv patients, reduces discomfort, obviates 
the need for repeated instrumentation, and 
shortens the hospital stay. Permanent im- 
plants using conventional sources are ap- 
plicable only to relatively small lesions. 


MINNESOTA 


There are some disadvantages in the 
traditional technique for interstitial im- 
plantation, especially those of the re- 
movable type. Long, rigid, radioactive 
sources are sometimes difficult to insert 
when limited space is available for inser- 
tion. They act as internal splints and may 
interfere with normal motility and func- 
tion; for example, swallowing. Debilitated 
persons cannot tolerate the metallic appli- 
ances for any length of time and are par- 
ticularly prone to develop infections at the 
implantation sites. Coupled with these 
limitations is the fact that the operator 
frequently receives a relatively high dose of 
radiation during the process of implanta- 
tion and removal. 

"Afterloading" techniques have been 
developed** "25 so as to minimize the 
dose to the operator. Nonradioactive guides 
such as wires, needles or tubes are inserted 
in the desired arrangement. The operator 
Is not exposed to radiation during this 
stage. When the position of the guides is 
considered satisfactory, the radioactive 
sources are introduced along predetermined 
paths. 

Other methods have been devised to cir- 
cumvent some of the problems listed above. 
One of these is the injection of colloidal sus- 
pensions of such radionuclides as Au!’ and 
P?? directly into tumors.5621%21314 However, 
the colloids migrate from the original needle 
tracks to a certain extent and accurate dose 
determinations are difficult. Normal struc- 
tures outside the treatment volume thus 
are irradiated unnecessarily. 





in the form of microspheres added a new 
weapon in the radiotherapeutic armamen- 


* Presented at the Porty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
From the Division of Radiation Therapy, Department of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota, 
This work was supported in part by the American Cancer Society, Minnesota Division, and U. S. Public Health Service Grant 


No. Ca-08832 and Fior Ca o5190-01. 
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lic. 1. Instruments employed: (1) stainless steel needle, 15 gauge; (2) flexible (helical) steel jacket; (3) teflon 


tube connected to double “Luer Loc" hub; (4) “microliter” syringe; and (5) rod with U-shaped end pieces 


B and C (C is adjustable). 


tarium, ^ * 975 Techniques for the treatment 
of cancer bv the intra-arterial instillation 
of these minute sources were soon de- 
veloped, but rheologic considerations in 
large measure govern the deposition of the 
microspheres under these circumstances. 
Unpredictable inhomogeneities of the ra. 
diation dose patterns result," and dose 
estimations are necessarily inaccurate. 

These difficulties are not entirely. solved 
by the methods described by Blanchard 
and his colleagues? or by Ariel! who employ 
interstitial injection of the microspheres. 
Accuracy of placement, even distribution of 
the microspheres in predetermined quanti- 
ties, and afterloading are all important if 
the desiderata of homogeneous irradiation 
of the affected part with minimal dose to 
the operator are to be attained. These cri- 
teria are not satisfied in the references 
quoted. 

Success Is assured if a known volume of 
the microsphere suspension with a known 
activitv of the radionuclide selected is 
deposited with uniform. linear activity 
along tracks of predetermined length with 
a specified distance between each track. 
Standard rules for the distribution. of 
interstitial radioactive sources to achieve 


homogeneous irradiation of tissues such as 
those of Paterson and Parker can thus be 
tollowed. The technique here described was 
designed to incorporate these essentials. 


MATERIALS AND METHODS 


The “microspheres” incorporating the 
desired. radionuclide have a diameter of 
about 1§ microns, and are supplied in 10 
per cent dextran solution.* Isotopes with 
low energy photons such as I?! and Yb! 
are currently being employed since the dose 
to the part implanted is uniform with these 
isotopes while the integral dose to the 
adjoining normal tissues as well as the dose 
to the operator is low. The special instru- 
ments required are few in number and are 
easily fabricated (Fig. 1). The assembly of 
the instruments 1s shown in Figures 2 and 
3. The microsphere suspension adequate to 
fll the desired length of track is entirely 
contained in the discardable teflon tube as 
it lies threaded inside the needle. The 
radionuclide is deposited interstitially as 
the syringe-needle assembly 1s withdrawn. 
The predetermined quantity of microsphere 


* Such suspensions of microspheres with specified isotope, ac- 
tivity anc volume are available from 3M Company, 2401 Hud- 
son Road, St. Paul, Minnesota. 
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Fic. 2. Instruments assembled with straight stainless steel needle. 


suspension of specified activity is evenly 
and totally deposited by the time the tip 
of each needle emerges. The steps followed 
when using this technique are as follows: 


Preliminary plan and assessment of 


volume of microsphere suspension. 

(1) The interstitial implant is 
planned according to the usual 
practice of the operator and the 
desired arrangement of the radio- 
active sources determined. 


(2) Standard tables, such as those of 


Paterson and Parker, are con- 
sulted to determine the number 
of milligram hours of radium 
needed for the desired dose. 

(3) The activity of radioactive micro- 
spheres required is then calcu- 
lated as follows: 


Total number of mc hr. of radionuclide 
through its decay = number of mg. hr. of 
I gamma Ra 

Ra X o———— ——M 

I gamma radionuclide 
filtration correction. 
Total number of initial mc radionuclide = 

number of mg. hr. of Ra 
average life of radionuclide in hours 
I gamma Ra 


I gamma radionuclide 


x filtration correction. 


(4) The volume of the radioactive 


microsphere suspension is derived 
as follows: 

The number of tracks of injec- 
tion are determined from the im- 
plantation rules. The length of 
each track is determined from the 
disposition of the tumor accord- 
ing to usual practice. The linear 
displacement of the plunger of 
the microsyringe when assembled 
(Fig. 2; and 3) 1s the same as the 
length of the track over which the 
radioactive microspheres are to 
be deposited. 

The volume to be used in each 
track 1s predetermined in the 
fcllowing manner; the plunger of 
the microsyringe 1s withdrawn a 
distance equal to the length of 
the track to be implanted and 
the desired volume is then read 
directly from the graduations on 
the barrel of the microsyringe 
(Fig. 1, arrow A). From the 
tctal number of tracks the 
volume of microsphere suspen- 
sion is easily determined. The 
above considerations enable one 
tc precalculate all relevant speci- 
fications such as differential con- 
centrations and volumes required 
for the belt, core and end tracks 
of a Paterson-Parker implant. 


The implantation procedure is shown 
semidiagrammatically in Figure 4. The 
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lic. 3. Instruments assembled with curved stainless steel needle. 


Step |. 


: Tumor Insertion of needle to known depth 





7 "2 
Spring jacket Needle aig , Step Ss 
| Withdrawal of microsphere 
Step 2. suspension into teflon tube 


Stylet withdrawn 





mamm amman ee [| 





Step 4. EE dle 


Teflon tube inserted in needle and Luer locked into position 





Step 5. 


Rod holds plunger at fixed distance from tumor 





PSU holder 





Step 6. 


Injection completed as borrel assembly is withdrawn 
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Microsphere suspension deposited over 
specified length of track in tumor 


Fic. 4. Steps of implantation (semidiagrammatic). 
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depth of the needles in tissue at insertion 
can be determined by simple arithmetic 
based on the known lengths of the needles 
and the spring jackets. Anteroposterior 
and lateral roentgenograms are taken to 
check the position of needles. The position 
of the needles is corrected if indicated. 

After the procedure has been completed, 
conventional nuclear medicine diagnostic 
equipment can be used to produce pictorial 
displays of the radionuclide distribution 
(Fig. 5; and 6). They provide rough semi- 
quantitative information regarding ana- 
tomic localization of the volume under- 
going irradiation. 


INITIAL CLINICAL APPLICATIONS 


This method, after preliminary testing 
in laboratory animals, has been employed 
for the treatment of patients with advanced 
or recurrent malignant tumors of the 
tongue, lip, orbit and rectum. Gratifying 





Fig. s. Scintiphotograph of a radioactive microsphere 
implant-—carcinoma of tongue, anteroposterior view. 
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hic. 6. Scintiphotograph of same patient as in 
Figure ¢, lateral view. 


regression of the lesions and relief of pain 
was obtained in all patients. None could 
have been managed effectively by any 
other radiotherapeutic means either be- 
cause of prior irradiation, limiting ana- 
tomic factors, or both. So far, the tech- 
nique has been used to fill a gap in the 
radiotherapeutic armamentarium, As ex- 
perience is accumulated and facility ac- 
quired, other indications will be explored. 


SUMMARY 


There are problems inherent in the cur- 
rently employed methods of interstitial 
implantation of radioactive materials for 
therapeutic purposes. To eliminate some of 
these difficulties, a new uncomplicated 
technique has been developed and is here 
described. Advantages of the method are: 
(1) the implant is permanent, (2) the 
radioactive sources are nonmetallic and 
are not rigid, (3) the procedure can be 
employed in relatively inaccessible sites, 


a 


and (4) the dose to the operator and operat- 
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ing room personnel is low because an after- 
loading technique is used. 

This method has been found to be es- 
pecially valuable in debilitated patients 
and in those with lesions dificult to treat 
by conventional means because of anatomic 
factors, prior radiation therapy, or both. 


Division of Radiation Therapy 
University of Minnesota Hospital 
Minneapolis, Minnesota 55455 
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depth of the needles in tissue at insertion 
can be determined by simple arithmetic 
based on the known lengths of the needles 
and the spring Jackets. Anteroposterior 
and lateral roentgenograms are taken to 
check the position of needles. The position 
of the needles is corrected if indicated. 

After the procedure has been completed, 
conventional nuclear medicine diagnostic 
equipment can be used to produce pictorial 
displavs of the radionuchde distribution 
(Fig. 5; and 6). They provide rough semi- 
quantitative information regarding ana- 
tomic localization of the volume under- 
going irradiation. 


INITIAL CLINICAL APPLICATIONS 


This method, after preliminary testing 
in laboratory animals, has been emploved 
for the treatment of patients with advanced 
or recurrent malignant tumors of the 
tongue, lip, orbit and rectum. Gratifying 
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patient as in 


Seintiphotograph of same 
Figure 5, lateral view. 


regression of the lesions and relief of pain 
was obtained in all patients. None could 


have been managed effectively. by any 
other radiotherapeutic means either be- 
cause of prior irradiation, limiting. ana- 


tomic factors, both. So far, the tech- 
nique has been used to fill a gap in the 
radiotherapeutic armamentarium. As ex- 
poene is accumulated and facility ac. 
quired, other indications will be explored. 


There are prob lems inherent in the cur- 
rently emploved methods of interstitial 
implantation. of radioactive materials for 
therapeutic purposes. To eliminate some of 
these difficulties, a new uncomplicated 
technique has been developed and is here 
described. Advantages of the method are: 
(1) the implant is permanent, (2) the 
radioactive sources are nonmetallic and 
are not rigid, (3) the procedure can be 
employed in relatively inaccessible sites, 
and (4) een dose to the operator and operat- 
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ing room personnel is low because an after- 
loading technique 1s used. 

'This method has been found to be es- 
pecially valuable in debilitated patients 
and in those with lesions difficult to treat 
by conventional means because of anatomic 
factors, prior radiation therapy, or both. 
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University of Minnesota Hospital 
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FIELD SEPARATION IN MULTIPLE PORTAL 
RADIATION THERAPY* 


By DWIGHT W. GLENN, M.S., FRED L. FAW, M.S., A. ROBERT KAGAN, M.D, 
and RALPH E. JOHNSON, M.D. 
BETHESDA, MARYLAND 


P. npe of adjacent treatment portals 
is commonly employed in external 
beam radiotherapy, such as in the system- 
atic irradiationof thelymphaticchainfor pa- 
tients with lymphomas or testicular tumors 
(Fig. 1). Such treatment techniques may 
involve the junction of fields in several 
areas with vastly different anatomic con- 
siderations regarding the depth of the tar- 
get (tumor) volumes. Ín positioning the 
treatment portals on the skin surface, the 
adjoining margins may conceivably be 
overlapped, abutted, or separated de- 
pending on various circumstances. (Angled 
fields* are not considered here since this 
method is impractical with more than 2 
fields in sequence.) 

It 1s generally recognized that isodose 
distributions within an irradiated volume 
tend to "bulge out" at the margin of the 
fields as a consequence of beam divergence 
and side scatter. Although more significant 
with low energy radiations, this “bulging” 
is nonetheless appreciable with cobalt 60 
and 2 Mv. peak beams as will be discussed. 
Cognizance of these physical characteristics 
has led many radiotherapists to adopt a 
separation of fields. A standard gap of 1 cm. 
1s often employed, regardless of field size or 
depth of the target volume, and the radio- 
therapists at some institutions frequently 
abut the adjoining margins ''just to be sure 
we don't have a cold spot." We have re- 
cently completed an extensive review of the 
radiologic literature which failed to provide 
specific guidelines or procedures for de- 
termining the amount of field separation for 
various treatment conditions. As will be 
discussed in this paper, the failure to give 
precise attention to this matter may either 





Fic. 1. Multiple anterior fields for lymphomas and 
Hodgkin's disease. 


result in complications from undesirable 
overdosage of normal tissues in the irradi- 
ated volume or may produce underdosage 
in an area potentially involved with tumor. 
The physical and clinical considerations re- 
lated to the separation of fields in multiple 
portal external beam radiotherapy are de- 
scribed in the following sections. 


* From the Radiation Branch, National Cancer Institute, National Institutes of Health, Department of Health, Education and 


Welfare, Bethesda, Maryland. 
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Fic. 2. Comparison of central axis depth dose to junction doses of two cobalt 60 15 X15 em. fields with 1 em 
overlap, abutting, and 2 cm. separation of field edges. 


MULTIPLE FIELD DOSE DISTRIBUTIONS 
Figure 2 compares central axis depth 
dose with the depth dose at the junction of 
two cobalt 60 15X15 cm. fields with 1.0 
cm. overlap of field edges, abutting field 
edges and with a 2 cm. separation, using 
tangentially irradiated Adlux film and 
lithium fluoride dosimeters. From Figure 2, 


one sees that overlapping results in high 
doses at the junction and, moreover, the 
dose at the desired depth (12 cm. in the 
illustration ) at the junction is approxi- 
mately 70 per cent more than the dose on 
the central axis at the same depth. The 
abutting fields do not drastically alter the 
"hot spots.” It is only when the fields are 
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separated that hot spots are reduced and 
doses at the Junction are similar to central 
axis doses for the 12 cm. depth in the ex- 
ample. Note from Figure 2 that the junc- 
tion dose for separated fields is 50 per cent 
less at § to 6 cm. and does not approach the 
central axis dose until the desired depth. 
The hot spots at depth are the result of 
beam divergence and side scatter causing 
the isodose distributions to bulge out. The 
bulging is lengthwise as well as widthwise 
and the lack of three dimensional dose dis- 
tributions may explain the readiness to abut 
or overlap. In using field separations, we are 
usually considering "lengths" of fields and 
this is generally the missing dimension of an 
isodose curve. For example, Field mn of 
Figure 1 may be 10 em. X15 cm. and the 
usual isodose curve one consults would be 
10X15 cm., but we are interested in the 
separation at B and C and therefore need 
the r £X 10 cm. 1sodose curve as well as the 
curves giving the "lengths" of Fields 1t and 
ir. For the separation at D of Figure 1, we 
would need curves giving the "widths" of 
Fields 11 and iv. 

In this paper we will discuss feld 
"widths," where, in reality, they may be 
"widths" or "lengths" depending on one's 
viewpoint. The important thing to realize 
is which dimension must be considered in 
determining the field separation. 


CALCULATIONS 


The calculations to determine field sepa- 
ration are fairly simple if one has isodose 
curves for the appropriate source-to-skin 
distance (SSD) and field sizes. Or, in some 
instances, 1t may be sufficient to use geo- 
metric divergence calculations. In both 
cases, the purpose is to achieve doses at 
field junctions that are comparable to the 
central axis dose at some desired depth. If 
the total central axis dose at, sav 10 cm. 
depth, is 4,000 rads, then the Junction dose 
at Io cm. depth should also be 4,000 rads. 
If the total central axis dose is unequal for 
the two fields, say 4,000 rads for one and 
3,000 rads for the other, then the dose at the 
junction will be the average, 7.e., 3,500 rads. 
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Arbitrary isodose line depicting “delta 
half-widths." 


hic. 3. 


In Figure 3 an arbitrary isodose line 1s 
depicted. Half of the linear dimension of 
the geometric field is given as W4 and the 
parallel projection with depth is shown as a 
dotted line. Line AB (perpendicular to the 
central rav) is the distance from the central 
ray to where the per cent depth dose at A is 
halved. The separation contribution from 
one field is shown as Aw (delta half width). 
Figure 4 depicts two fields so positioned 
that the dose at B is equal to, or the average 
of, the dose at A and "a." Here, A, B, and 
"a" are at the same depth. Lower case let- 
ters are used for the right isodose line to 
indicate that these values mav be different 
than those for the left. The total separation 
on the surface is the sum of the delta half- 
widths, z.e., AW1--Aw1. This procedure is 
essentially what we do with 1sodose trans- 
parencies, f.e., shift the transparencies so 
the doses at A and B are equal, then mea- 
sure the distance between the central rays 
or field edges to determine surface sepera- 
tion, 

Using the isodose curves of interest, one 
can measure the delta half-widths from 5 
to I5 cm. at 2 cm. increments. By plotting 
Aw vs. depth, one should have a family of 
straight lines for each SSD, allowing inter- 
polation for depth or field size. (These lines 
are the £o per cent “decrement lines" as dis- 
cussed by Orchard.) Figure § is a plot of 
Aw# versus depth for various fields for the 
AECL Theratron 80 unit* at an SSD of 80 


* Atomic Energy of Canada Ltd., Ottawa, Ontario. 
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Vig. 4. Adjoining isodose lines showing required separation so doses at points A, B, and "a" are equal or B is 


the average of A and “a 


cm. Note that onlv one dimension is given 
for the fields since it can be shown that the 
delta half-widths do not change with the 
other field dimension. To obtain the sepa- 
ration for two fields, one adds the Aw4s of 
each. For example, two fields 15 cm. and 
25 cm. long are used to treat to a depth of 
to cm. From Figure 5, the Aw for the 15 
cm. field is 1.1 cm. and that of the 25 cm. 
field 1.7 cm., giving a total separation of 
2.0 CM 

As mentioned previously, one could use 
separations based on the calculated diver- 
gence of the geometric field. The error in this 
method depends on the particular unit since 
the amount of separation varies with SSD, 
source size, collimating system, etc. Wheth- 
er this error 1s as great as using 1sodose 
curves is a moot question, since many 
isodose curves in use have been calculated or 
have been measured with relatively large 
ionization chambers where, in the region of 
the steep dose gradients under considera- 
tion, specific dose levels are difficult to 
localize. The cobalt 60 1sodose curves used 
herein were measured with a 0.4 cm. diam- 
eter ionization chamber. Table 1 indicates 
the difference in the two methods, z.e., 
curve measurements or divergence calcula- 
tions where the equations for Aw (as a 
function of depth D) were calculated by the 
least-squares method from isodose curve 


x 
* 
os 


measurements, and Agi indicates the 
separation based on geometric divergence 
only. 

Table 1 indicates that for most applica- 
tions the differences would be small, the 
larger differences being for shorter treat- 
ment distances and large fields, e.g., a 0.9 
cm. difference for a field length of 25 cm. 
at an SSD of 60 cm. and a depth of 15 cem., 
but only a o.2 cm. difference for a field 
length of 10 cm. at an SSD of 80 cm. and a 
depth of 10 cm. 


EXPERIMENTAL RESULTS 
To verify the calculations above, two 
dosimerric models were utilized. The first 
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Fic. c. Delta half-widths versus depth for various 
fields for the AECL Theratron 80 unit, 80 cm. 
source-to-skin distance. 
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COMPARISON OF SEPARATION EQUATIONS AS A FUNCTION OF DEPTH (D) FOR THERATRON 80 
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was done by sandwiching DuPont Adlux 
film between layers of tempered pressdwood 
(masonite). The dimensions of the pressd- 
wood phantom were $1 cm.X $1 cm. X30 
cm. With the beam perpendicular to the 
film surface, exposures were made with ap- 
propriate field separations for the depth of 
film position. 

The second dosimetric model used was 
lithium fluoride (LiF) powder in No. 5 
gelatin capsules placed in appropriate 
drilled holes in a Machlett-Alderson Rando 
phantom. The field separations were made 
over the lower trunk of the phantom where 
the less dense lung material was absent. 

Using the above two models, data were 
accumulated from various field size combi- 
nations at various depths. Both models 
gave consistent results: hot spots were 
eliminated but the dose at the "gap" 


EXPERIMENTAL RESULTS FROM CALCULATED SEPARATIONS FOR TWO 
CO-60 18 x fem FIELDS, BOcm 550 





* Le ia a & 4 a G sz 4 D & LO ie 
DISTANCE temi TO LEFT ANS RIGHT OF CENTER OF GAP 
Fic. 6. Experimentally determined dose distribu- 
tions from calculated data, 


was lower than the central axis dose as 
shown bv the example in Figure 6. Why the 
experimental results differ from the calcu- 
lated expectancy is not apparent but the 
data collected have shown that all calcu- 
lated separations are approximately 0.§ 
cm. too great. It is interesting to note that 
back extrapolation of the lines of Figure 5 
do not pass through the origin. However, 
experimental results would modify these 
lines so that they would approximately pass 
through the origin. With this information, 
all tabulated separations were reduced by 
o. cm. and dosimetric verification was 
made again using film and LiF. There was 
an improvement in the results. The reduc- 
tion of dose at the gap was eliminated 
while hot spots were still much lower than 
on the abutting or overlapping fields. As 
shown by Figure 7, the dose at each specific 


EXPERIMENTAL RESULTS AFTER SUBTRACTING O 5em FROM CALCULATED 
SEPARATIONS FOR TWO CO-60 1S x iBem FIELDS, BOcm 355. 
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SEPARATION DISTANCE (CM.) BETWEEN FIELDS, FHERATRON 80, 80 CM. SSD 
eld See Lo 3 9 og ome grae ru | 1o fou | I2 13 | I4 | ye 
I -engths (cm.)* ^ M | | | | | | | | | | | 

ritis eiie enti mI DL E PM EINE | peN — E | HU TENUES | ace AIE eas, | mE ne dien a Ur IR RATEN | pe MONET PS | anarai agi — 
10-10 $0] 50.75 75 | 1.00 | 1.00 | 1.28 | 1.25 | 1.50 | 1.50 | 1.75 
1O-15 $0 | .78 | 1.00 E 90 | 1.26 | 2.25 | 1.50 | 1.75 | 1.75 | 2.00 | 2.00 
10-20 78$ | 1.00 | 1.25 | 1.25 | 1.50 | 2.75 | 2.00 | 2.00 | 2.25 | jd NES 
10-24 1.00 | 1.00 | 1.25 | 1.§ | Lave 13.00 | 2.25 | C EO WIE | 3.00 | 3.00 
10-30 [.00 | 1.25 | 1.50 | 1.74 | 2.00 | 3.2€ ENCORE E 3.00 | 2:298 p oes 
16-18 TS) 295) $208 Fons"! queo-| 240. | 1098 (3100-10-26 1 0:50 ]2:00 
15-20 78 | 1.00 | 1.25 1 1.50 | 1.75 | 2.00 | 2.25 | 2.50 | 2.75 | 3.00 | 3.00 
1§-25 1.00 | 1.2§ | 1.50 | 1.7 | 2.00 | 2.25 | 2.50 | 2.75 | 3.00 | 3.25 | 3.50 
16-30 1.00 | 1.25 | 1.78 | 2. | 2.9 | 2.80 | 2.75 | 3.00 | 3.25 | 3.50 13-75 
20720 1.00 | 1.25 | 1.$0 | PT | 2,00] 2.25 i 2.50 | 2.75 | 3.00 E T | 3.50 
20-26 tea | 1.50 | 56 2108. 2.25 | x20 3 702006 | 3-59 | 3.75 ub 
20-30 1425 3 1.8909: 2,00 | 252 | 2.50 | 3.75 | 3.00 | 3.40 | 3,76. 4.00 | 4.25 
26-25 1.25 | 1.50 | 2.00 | 2.25 | 2.50 | 3.00 a er. | 3-50 ER 4.25 | 4.50 
25930 I.50 p 229 | 9.00 | 5 | 2.78 | 3.28 | 3.50 | 3.75 5 | 4.00 | 4.50 | 4.75 
30-30 1.50 | 2.00. 2.25 | 2.50 | 3.00 | 3.50 [3939 [4208 | ues 4.75 | £.00 
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Lengths of fields perpendicular to their adjoining edges, A larger listing maw be obtained from the senior author, 


depth is fairly homogeneous over theentire 
length of both fields and no apparent gaps 
are seen, 

Table n indicates our field separation 
values as calculated and modified by experi- 
ment. This Table is used only for our 
Theratron 80 unit at an SSD of 80 cm. This 
unit has penumbra trimmers adjustable to 
45 Cm., §§ cm., and 65 cm., but no signif- 
icant ge, rence was found on field separa- 





ton values as to trimmer position. Note 
that only field "lengths" are given, fe., 
"lengths" perpendicular to their “ad- 


joining" edges. These ‘ lengths" are usuallv 
parallel with the long axis of the body ex- 
cept for the spleen and para-aortic fields. 


CLINICAL ASPECTS 


The following two cases serve as illus- 
trations of the importance of selecting the 
proper separation for two adjacent treat- 
ment portals. 

Case 1. This 58 vear old white male with 
Hodgkin's disease presented with generalized 
lymphadenopathy above and below the dia- 
phragm, anemia, and a history of significant 
weight loss. Following completion of radiother- 


apy to the cervical and mediastinal lymph 
nodes (7.600 rads in 21 days) through a single 
anterior feld, irradiation of the para-aortic 
lymph rodes was begun using an anterior field. 
The upper margin of this latter treatment por- 
tal directly abutted the lower margin of the 
mediastiaal field. The para-aortic lymphatic 
chain received a dose of 35400 rads delivered in 
17 days using the central axis depth dose cal- 
culatior. Two months after completion of radio- 
therapy, the patient developed upper gastro- 
intestinal symptoms. Three distinct ulcers were 
roentgeoographically demonstrated in the an. 
trum o* the stomach (Fig. 8). Conservative 
medical management was given, the symptoms 
subsidei and a subsequent upper gastroin- 
testinal series was reported as showing healing 
of the ulcer craters. One and one-half vears 
later, tte patient experienced painless upper 
gastroir zestinal bleeding requiring several blood 
transfusions, Rigid medical management was 
again uxdertaken and the patient is now asymp- 
tomatic nearly 2 years after completion of ra- 
diotherapy. 

Comment. In review, the junction of the 
cerviccmediastinal and para-aortic fields 
was seen to overlie the epigastrium with a 
calculered junction dose of 4,950 rads at 
the depth of ulceration. As reported by 


AU, 
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others,-^5 this dose exceeds that safely 
tolerated bv the gastric mucosa, Such radta- 
tion ulcers are usually refractory to medical 
care and require surgical resection, 


Case u. This 36 year old white female with 
Hodgkin’s disease presented with cervical and 
mediastinal lymphadenopathy and a history of 
fever, night sweats, and generalized pruritus. 
Evaluation. of the infradiaphragmatic lym- 
phatic chain was incomplete in that a lower ex- 
tremity lymphangiogram could not be per- 
formed because of a possible hypersensitivity to 
iodine. [rradiation was carried out to the cer- 
vical, axillary, mediastinal, and para-aortic 
lymph nodes. The cervicomediastinal feld en- 
compassed a large tissue volume, necessitated 
by the marked upper mediastinal lymph node 
involvement. The lower margin of the medias- 
tinal field was at the lower limit of the roent- 
genographically involved mediastinal lymph 
nodes. There was a 2.5 cm. skin separation be- 
tween the mediastinal and para-aortic portals. 
This varied from our standard procedure of in. 
cluding all mediastinal and hilar lymph nodes in 
a single treatment field. The patient remained 
clinically free of disease for slightly over 1 vear 
when a lateral roentgenogram of the chest dem. 
onstrated a rounded substernal mass. 





Fic. 8. Case 1. Upper gastrointestinal series demon- 
strating multiple gastric ulcers (arrows). 





Fic. 9. Case i. Lateral chest roentgenogram showing 
recurrent disease beneath the gap. 


Comment. As shown in Figure 9, where 
the lead block indicates the position of the 
gap between fields, the recurrence is located 
at the margin of the field separation. For 
this reason, we consider separation of treat- 
ment portals contraindicated with super- 
voltage when potentially involved tumor 
volumes are present at a depth of § cm. or 
less below the skin surface. 


DISCUSSION 


Pror to the advent of supervoltage 
radiotherapv, the intolerance of the skin to 
intensive daily or total radiation doses 
limited to some extent the problem of 
damage to internal organ svstems. The 
"skinsparing effect" of modern equipment 
has focused attention on the deep-seated 
normal tissues and the literature is replete 
with accounts of such radiation complica- 
tions. With cobalt 60 teletherapy or 2 Mv. 
peak roenrgen therapy, the dose between 
fields in depth mav be up to 70 per cent 
higher than the central axis dose for abut- 
ting external treatment portals. 

As illustrated, it is preferable to avoid 
feld junctions directly over regions of 
known or potential tumor involvement un- 
less the cepth of the target volume is 
greater than 5 cm. In the latter instance, it 
is possible to select proper field separations 
to obtain a homogeneous tumor dose at 
depth without concomitant overdosage of 
the overlying normal tissues. The routine 
use of field separations as described has re- 
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sulted in a 75 per cent reduction in the in- 
cidence of serious gastric complications in 
our experience. 


SUMMARY 


A series of contiguous treatment fields is 
frequently used in radiotherapy, as with 
irradiation of the lymphatic chain for 
testicular tumors and lymphomas. With 
the desire to deliver a homogeneous dose to 
target volumes in depth, it is necessary to 
place adjacent treatment portals on the 
skin surface in such a manner that “hot” 
spots in normal tissue areas and "cold" 
spots in tumor volumes are avoided. 

A method of separating fields is presented 
where isodose curve measurements or geo- 
metric calculations are modified by experi- 
ment, using lithium fluoride and Adlux 
film in phantoms. It is shown that these 
separated fields, while giving homogeneous 
doses in depth, avoid high doses to overly- 
ing regions. Examples are described to illus- 
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trate the clinical importance of these con- 
siderations. 


Dwight W. Glenn, M.S, 
Radiation Branch 

National Cancer Institute 
Bethesda, Maryland 20014 
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PHOTOGRAPHIC TECHNIQUE FOR LEAK TESTING 
RADIUM SOURCES* 


By PAUL H. BENROSIAN, Pu.D 


MONTGOMERY, ALABAMA 


T. USERS of sealed radium 226 sources 
and to personnel of radiation control 
agencies, who are responsible for public 
health, a quick, reliable method for de- 
termining if sources are leaking 1s extremely 
important. As the frequency of testing the 
sources (Fig. 1) for leakage is increased, the 
probability of discovering faulty ones and 
being able to take proper action before 
radioactive contamination or health haz- 
ards occur is also increased. Unfortu- 
nately, no rapid, dependable method exists 
for leak testing radium 226 sources. Many 
of the current techniques generally require 
that the source be placed in a leak tight 
chamber for periods up to 24 hours, after 
which time the chamber is examined for 
radium and daughter products resulting 
from the leak. Examples of such tests 
include the Hale? method in which the 
leaking source is placed in a stoppered test 
tube containing 5 ml. of tap water with 
0.37 gm. of activated charcoal. After 24 
hours, the source is removed and 24 hours 
later the stoppered test tube is placed in a 
well scintillation counter. 

Other techniques which offer vanations 
of the Hale method include the cotton plug 
and jar test systems. In the first of 
these 2 procedures, the leaking source is 
placed in a sealed test tube or bottle for 
24 hours with a wad of cotton. After this 
period, the cotton is removed and measured 
for radioactivity bv a G-M survey meter. 
In the jar test, the inside surface of the 
screw-top lid is examined with an alpha 
survey meter after the source has been 
sealed in the jar for 24 hours. 

Gallaghar and others perfected an elec- 
trostatic technique? In this method the 
radium source is placed in a sealed cylindri- 
cal chamber having electrodes at either 
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Fic. 1. Examples of sealed sources of radium 226 as 
shown from left to right include: 2.5 mg. plaque; 
1$ mg. needle; 5 mg. cell below; and 10 mg. plaque. 


end across which a 300 volt DC potential 
is applied. Because radioactive decay of 
radium tends to create positively charged 
daughter products, most of these products 
are deposited on the cathode where they 
can be measured by a G-M counter. The 
period of collection ranges from a few 
minutes to several hours. 

These techniques are hindered not only 
by the long period required for sample col- 
lection, but also by the need for either 
radiation. survey meters or laboratory 
detection instruments to determine the 
presence of radioactive leakage. In addi- 
tion, results from many of these tests are 
frequentlz unreliable and may be mislead- 
ing, 

Becausz of the disadvantages in current 


* From the U. S. Department of Health, Education and Welfare, Public Health Service, Southeastern Radiological Health Labora- 


tory, Montgomery, Alabama. 
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lator, thereby producing light which can be 
recorded by high speed photographic film.* 

In the decay chain of radium several 
alpha, beta and gamma emitters are pro- 
duced. Since alpha particles cannot pene- 
trate the walls of a sealed source, it is 
obvious that their detection external to 
the source is evidence of a leaking or con- 
taminated source, One wav, therefore, of 
determining if a leak or contamination 
exists, is to look for alpha emitters outside 
of the source. This can be done almost 
instantly with the photographic technique. 


EXPERIMENTAL 


As the major objective of the photo- 
graphic technique is to detect light pro- 
duced only by the alpha-ZnS interaction 
in a mixed radiation field, it was necessarv 
to evaluate the extent to which beta and 
gamma radiation might also produce light. 
For this purpose, experiments were con- 
ducted using 2 leaking Ra?" plaques, 
2.5 mg. and 5.0 mg., and a 3 mc Co® source. 
Each source was tested separately bv plac- 
ing the source in a 2 inch glass Petri dish, 
which is opaque to alpha particles, and 
placing the dish on a piece of ZnS coated 
plastic screen with the ZnS facing the 
source. The source, dish, and ZnS were 
arranged with a simple lens and a Polaroid 
4X5 Land film holder assembly so that 
the image formed on the ZnS sheet bv the 
radiations from the source could be photo- 
graphed. The experiments were repeated 
with the sources placed directly on the 
ZnS without the Petri dish. Comparison of 
the images showed conclusively that the 
ZnS emitted light not only when it was 
exposed to alpha particles but also to 
beta-gamma radiations and particularly to 
beta. The comparison, however, also indi- 
cated that the alpha contribution in an 
alpha-beta gamma field could be easily 
diseriminated by a shielding material. In 

* For the experimental studies in this investigation, Polaroid 
Land film ASA 3,000 type $7 in the Polaroid 42 Land film 
packet system was selected. The film holder in this system is 


lightweight and its cost is under so dollars. Use of this equipment 
does not constitute an endorsement by the Public Health Service, 
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addition, experiments were conducted to 
improve the scintillator's response to al pha 
particles in the presence of beta radiation. 
The ZnS screen, which was obtained com- 
mercially and which contained about 1o 
mg. ZnS salt mixture/cm.?, was treated 
with 12A HCI for 30 minutes or until the 
salt concentration on the screen reached 
5 mg./cm.* This modification of the scintil- 
lator reduced the beta effect on the ZnS, 
thereby highlighting the alpha contribu- 
tion. 

Based on these preliminary findings, a 
more efficient photographic system was 
devised which included a device to properlv 
orient the source to the ZnS and film. À 
schematic diagram of this system (Fig. 2) 
is shown together with explanatory terms. 

In operation, two foot tongs are used to 
place the source in the 20 pound lead 
sample chamber. The source is laid on the 
alpha absorber (plastic-8 mg./cm.?) over- 
lying a ZnS screen which rests on a thick 
piece of plexiglass (1.6 gm./cm.?). This 


bm 
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Fic. 2. Schematic diagram of the photographic lens 
system showing the lead sample chamber in rela. 
tion to the lens and the film holder. 


The various components of the system are as 
follows: 

A, Source 
3. Movable alpha absorber (plastic—8 mg, /cm.?) 
C. Movable ZnS screen 
D. Plexiglass sample support (1.6 gm./cm.*?) 
E. 20 pound lead shield sample chamber assembly 
VF. 10X ocular lens 
G. Sliding wooden platform 
H. Supporting tracks for platform and chamber 
I. Light-tght lid 
J. Wooden base 
K. Film holder 
L. Film-—4X $ packet 
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chamber assembly is supported by a sliding 
platform and rests directly over a 10X 
microscope ocular lens. The chamber, 
platform and lens are fixed together and 
may be moved from side to side as a single 
unit over the film holder. When the source 
is in place, the light-tight lid is closed and 
a 4X5 film packet is slipped into the film 
holder. In making the exposure, the protec- 
tive envelope of the film is pulled outward 
from the holder but not removed com- 
pletely from it. The plastic shield over the 
ZnS prevents the alpha particles from 
interacting with the ZnS and the film 
records light produced only by the inter- 
action of beta and gamma radiations with 
the scintillator. The light is focused through 
the lens and a well defined image is formed 
on the film. The protective envelope is 
replaced, the light-tight lid opened and 
the sample platform moved over to the next 
exposure position. In this new position, 
the plastic shield is removed and the source 
is placed in direct contact with the Zi 
surface, The exposure procedure is repeated 
for the second picture. In this manner, 2 
different exposures are made on the same 
film. (By slight alterations in the design of 
the sample platform, many more exposures 
can be made on a single film.) For the 
shielded situation, only the beta-gamma 
interactions on ZnS are produced. In the 
unshielded case, the alpha and beta-gamma 
effects are photographed. By comparing 
the 2 images, the alpha contribution can be 
seen. This technique, which requires about 
3 minutes for each exposure and 10 seconds 
fa development of the print, can detect 
point sources of radium contamination or 
leaking radium or exposed radium as low 
as Soo picocuries in medical sources ranging 
up to so mg. of radium. The limit of 
detectability was evaluated experimentally 
by photogr aphing various levels of unsealed 
radium in conjunction with different 
sources. In addition, dosimetric measure- 
ments indicated that a person using the 
photographic technique in testing ten 
10 mg. needles during a period of 1 hour 
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which regis- 


A dual exposure of à 5 mg. cell 
tered essentially no alpha activity in the jar test 


PIG. 3. 


determination. The exposure time was ap proxi- 
mately 3 minutes for each picture. For image on 
left, the cell was unshielded. For image on right, 
the cell was shielded from the ZnS by an alpha 
absorber (plastic--8 mg./cem.*). The images are 
NUR alike and, therefore, indicate no radium 
leakage or contamination above goo 
the detectable | 


picocuries, 
limit of the photograp hie method. 


would receive about 2 mr whole body 
exposure and about 15 mr to his hands 

Interferences in the photogr aphic 
method were found to be minor. No signifi- 
cant amount of direct film exposure re- 
sulted from the gamma rays associated with 
the leakage material or the source itself. 
'This was probably due largely to the posi- 
tion of the source during an exposure 
(about 11 cm. above the film) and of the 
film's relative insensitivity to gamma radia- 
tion as cce by Co® irradiation 
experiments, Beta radiation from the 
source, however, did cause general fogging 
of the film. This effect was eliminated by 
using a thick piece of plexiglass (1.6 gm. 
cm.*) as the sample support. 


i IO 
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bic. 4. Exposures of an unshielded and shielded 
MEE 2 mg: radium 226 plaque which showed 


v of zoo,ooo cpm | 


E TS images as well as the location. of point 
sources of exposed radium and daughter products 


on the plaque. 


RESULTS AND CONCLUSIONS 


Qualitative experimental results can be 
readily seen in pictures be eginning with 
Figure 3. The image on the left in all the 
leak-test photographs represents the effects 
of all external radiation produced bv the 
source and the right hand image is formed 
by all external radiation except alpha. 
The significant difference between the 2 
images, which are magnified DPO 
mately 1 1/2 times, is due, therefore, to 
the alp ha radiation as produced by a leak- 
ing or contaminated source. As it applies 
to the photographic method, a leaking 
source is one which is releasing or exposing 
radium 226, 

Ás an ex xample of what a nonleaking 
radium source (Fig. 3) would look like, 
à § mg. cell was used in the unshielded and 
shielded positions. It is evident in com- 
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panng these pictures, that there is little 
or no difference between the images. From 
this observation, it is possible to conclude 
th he the source is not contaminated or 
leaking radium, at least above the 500 
ee ie limit as established for the photo- 
grap oic method. In contrast to this, a 3 


minute exposure (Fig. 4) of a 2.5 mg. 
ic 


rom plaque, which registered over 
$00,000 cpm by the jar test, depicts 
the lez king and contaminated nature 


of the source quite well. The reverse side 
of the 2.5 mg. plaque (Fig. 5) which w as 
purposely contaminated shows the distri. 
bution of contaminants despite the strong 
beta-gamma background. 

A badly leaking 5 mg. plaque was also 
tested tlig. 6) and the results are quite 
conclusive, This particular source was an 
obvious leaker because it was noticeably 
damaged. There are, however, many 
sources which look good and structurally 
sound, but leak just as badly as visibly 





s. The contaminated reverse side of the plaque 
in Figure 4. The points of contamination 


lic. : 
shown 
are easily seen in comparing the 4 minute 
sures. 


expo- 
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broken ones. Two such apparently good 
cells were examined (Fig. 7 and 8) and 
found to be leaking or contaminated at 
various positions along their lengths. Both 
cells contained about 3 mg. of radium and 
one which appears badly damaged (Fig. 7) 
showed about 4,000 cpm in the 24 hour jar 
test, whereas the other indicated only 300 
cpm by the same test. 

Studies are continuing at the South- 
eastern Radiological Health Laboratory to 
improve the picture quality of the photo- 
graphic technique, to improve its sensi- 
tivity, and to automate the device so that 
it may be operated with less handling. 
Additional experiments are in progress in 
the development of a system which can 
more easily distinguish leaking sources 
from those that are only contaminated. 
The photographic method in its present 
state represents a qualitative leak testing 
means which can be applied to several 
facets of radium usage. It has been used to 
distinguish sources having various amounts 





Fic. 6. An extreme difference between the two images 
is apparent in these 3 minute exposures of a badly 
damaged and leaking 5 mg. plaque. 
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lic. 7. These 3 minute exposures were made of a 3 
mg. cell which appeared to be in perfect condition, 
The significant difference in the images clearly 
indicates the leaking or contaminated nature of the 
source and the area of damage. When measured by 
the jar test, this source produced 4,000 cpm of 


alpha activity. 


of radium from each other and also for 
detecting radioactive contamination picked 
up in wipe tests. With proper backlighting 
(Fig. 9? the photographic system can be 
easily adapted to assess the distribution 
of radium within a source. Physicians, 
radiological health personnel and others 
will be able to check the integrity of 
radium sources more frequently and rapidly 
than is currently possible. Physicians, for 
example, can quickly examine their sources 
before and after use in patients and de- 
termine at least if they have dangerously 
leaking or ruptured sources. Since no 
special instruments are needed to make 
leak tests by this method, sources can be 
examined at little cost and readily evalu- 
ated at the hospital or in the physician's 
office. It is also possible to test several 
sources or make several exposures on a 
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lic. 8. This 3 mg. cell is similar to the one used in — Wig. o, With proper backli 


ighting, the photographi iic 


Figure 7 but, as these exposures indicate, the leak technic que can be easily adapted for use in locating 
TS different and T confined primarily at one end. rai um 226 wl ithin à SOL ree. E he above picture 
This source produced onlv 300 epm of alpha ac- shows the distribution of radium within as mg. cell. 
tivity when examined by the jar test. 


single film. Contamination of the photo- medical and radiation control personnel for 
graphic components or of the sample ie physicians, patients and others 


chamber by leaking sources can be avoided igainst unnecessary radiation exposure. 
bv enclo: sing the film holder in ac lisposab NN | 
pli | bag an . by li the cl | | Public Health Service 
F + Y > : a $2 : n l 
Hastie bag ar by uning the chamber with Southeastern Radiological Health Laboratory 
en D. PM ic sheets. PO. Box 31 


Montgomery, Alabama 36101 
SUMMARY 
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“FRACTIONAL LIFE EXPECTANCY” AS A NEW INDEX 
FOR ANALYZING THE RESULTS OF RADIOTHERAPY* 


By K. C. TSIEN 


PHILADELPHIA, PENNSYLVANIA 


HE “survival rate" which is at present 

generally used for expressing the end 
results of radiotherapy, when properly 
calculated, 1s considered to be the best 
single statistical index available for mea- 
suring the efficacy of cancer therapy. 
While it is true that the duration of sur- 
vival should be the most telling measure- 
ment of response to treatment, in certain 
areas of cancer therapy, however, it has 
been of limited use: in breast cancer cases, 
for instance, the use of survival rates has 
so far failed to show any significant differ- 
ences in comparing one form of treatment 
for breast cancer with another.?:*:? This is 
because the survival rate, which is a per- 
centage measure of a group's characteris- 
tics of multiple complexities, is affected by 
many, many factors, and it is therefore an 
insensitive index for analyzing any indi- 
vidual factors which may affect the num- 
ber of survivals for a particular duration.‘ 
There are further difficulties in studies 
involving treatment of cancers which are 
not uniformly in themselves fatal, since 
in such cases the use of the survival rate 
for evaluating treatment methods is even 
conceptually rather unsatisfactory. 

In our work at the Temple University 
Hospital, the survival rates for different 
types of cancer treated by radiotherapy 
are routinely calculated by using the life- 
table method. In Table 1 a sample of 
calculation is given for patients with Tı 
vocal cord cancer treated by radiation from 
1950 to 1964. From this table we obtain 
the survival rates of this group of patients 
in terms of the number of years of survival 
after treatment, but the survival rates do 
not give us an adequate basis from which 
to obtain an understanding of the prognosis 
of the disease. Moreover, these rates are 


not really representative since the group 
of patients considered is not statistically a 
random sample because it consists only of 
persons who came to or were referred to 
our hospital. 


THE “FRACTIONAL LIFE EXPECTANCY 
INDEX 


The new index proposed is the ratio of 
the survival period of each individual 
patient after treatment to his normal life 
expectancy according to his population 
group. Since the normal life expectancy iş 
generally given for different ages of males 
and females, and also by race in the na- 
tional vital statistics, it is therefore a 
fractional life expectancy index (FLE) 
which automatically takes into account 
individual variations of age, sex, and race. 

Before illustrating the characteristics of 
this index 1t must be noted that the con- 
cept of comparing the survival experience 
of cancer patients with that of the general 
population is not new. As early as 1926 
in discussing an objective definition of the 
success in the treatment of cancer, Green- 
wood’ stated: “If an examination of the 
after histories of such patients showed 
that on the average they lived as long as a 
random sample of persons of the same age, 
sex, occupation, etc., nobody could object 
to the use of the word cure." In 1936, 
Nathanson and Welch? compared the 
survival curve for the patients with malig- 
nant disease with a "normal" survival 
curve of the general population. More 
recently, in 1966, Hayward? has used the 
life table technique to compare the life 
expectancy of two serles of breast cancer 
patients after adrenalectomy and hypo- 
physectomy. Ederer e£ 24/5 on the other 
hand, in 1961, derived the relative survival 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
From Temple University School of Medicine and Hospital, Philadelphia, Pennsylvania, 
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Tase I 
SURVIVAL RATES OF PATIENTS WITH T; VOCAL CORD CANCER TREATED BY RADIOTHERADPY* 
(1950-1564) 

tuena Total e Lost to Has Risk of Propertion Proportion Cumulative Standard 
Alive lec Follow-up Alive Dving Dying — Surviving Proportion Error 
1 2 3 4 £ 6 E 9 9 10 
O~ I pe 5 O Q TILO 033 .961 96.18 RO? 
I~ 2 126 o o s [25.8 0.000 1.000 96.18 1.67 
a 3 121 4 O 21 rios o36 .963 05.7 2:36 
37 4 96 4 Oo 13 88.5 O45 954 88.51 3.03 
ans Fpi 2 o 16 69.0 o2% 971 85.94 3.44 
f- 6 $9 1 1 [o $2.5 olg 950 94.30 3.7$ 
6- 7 45 2 O 12 39.0 Os 948 79.98 4-04 
7- 8 mI 1 O 2 30.0 O33 966 Sen $.19 
8- o 28 2 O 4 26.0 orb 923 31.37 Du 
g-ia 22 1 O 11 16.5 obo 939 67.04 p 


* Calculated as of the end of 1966. 


rate from the ratio of the survival rate in a 
group of patients during a specific interval 
to the expected survival rate. For this 
purpose they compared the survival rate 
of the patients with a group similar to the 
patient group in such characteristics as 
age, sex, and race, but free of the specific 
disease under study. 

In all the foregoing cases a single index 
is obtained for a whole group of patients 
under study, similar to the commonly used 
survival rate, and before making any 
calculation the composition of the group 
of patients has to be determined. The new 
index which differs from those others in 
approach is that it is calculated for indi- 
vidual patients instead of for a group. It is 
also possible to calculate the FLE index at 
any interval after treatment which is 
considered clinically important, as for 
instance at the time of recurrence of the 
disease originally treated. The study of the 
radiotherapy results of T, vocal cord 
cancer patients presented below shows how 
this index can be used. 


A STUDY OF THE RADIOTHERAPY RE- 
SULTS OF PATIENTS WITH Ty VOCAL 
CORD CANCER 


T, vocal cord cancer is rarely the direct 
cause of death, although the patient may die 


from metastasis to other parts of the body 
or due to other types of cancer subse- 
quently developed. The relatively long 
period of survival after treatment enables 
us to illustrate the different indications 
that can be obtained from a fractional life 
expectancy study. 

This study relates to 131 cases of T, 
vocal cord cancer patients treated by 
irradiation from 1950 to 1964 at Temple 
University Hospital and for which, except 
in I case, follow-up data were kept up to 
the end of 1966. To take into account the 
status of the patients as at the end of 1966, 
they have been classified into 4 groups as 
follows: 


1. Patients alive and free of evidence of 

disease 

Patients alive but not free from the 

disease treated or other types of 

cancer 

3. Patients who died from the disease 
treated, or due to metastasis, or due 
to ether types of cancer 

4. Patients who died from other causes 
and evidence exists that they were 
free of any type of cancer 


L3 


It is fully realized that this classifica- 
tion Is open to criticism since as several 
investigators have noted it is frequently 


o. 


E 


Vor. 102, No. 1 


not possible to determine “unequivocally” 
whether death is entirely due to cancer. 
Nevertheless, while the above classifica- 
tion may need further consideration, it is 
evident that if we are to be able to evaluate 
treatment results, whether or not a patient 
is free of evidence of the disease treated 
and of other types of cancer is a yardstick 
of judgement,‘ and some classification such 
as that listed above is required. 

For the present study we were able to 
make the above classification on the basis 
of the follow-up information obtained; this 
is shown in Table u. Table m shows the 
number of deaths among these cases due 
to cancer or due to other causes. Table 1v 
gives the number of patients in these two 
groups classified according to the range of 
fractional life expectancy from the time of 
treatment to the date of death, and this 
table also gives the number of patients alive 
with recurrence of disease classified accord- 
ing to the range of fractional life expec- 
tancy from the time of treatment to the 
time of recurrence observed. The normal 
life expectancy data used are those for the 
general population in the United States, 
1963.10* 

It is seen from Table 1v that irrespective 


* [t may be noted here that for greater accuracy the life ex- 
pectancy data used in each case should be those for the year the 
patient was treated. Due to the changes of mortality rates in 
the general population in different years, the life expectancy data 
are also somewhat different. However, for the purpose of illustrat- 
ing the use of this inder, the variations in this factor are neglected. 


TABLE Il 


PATIENTS WITH Ti VOCAL CORD CANCER 
TREATED BY RADIOTHERAPY 


(1950-1964) 


Status December 31, 1966 














No disease Total 
Alive 
99 108 
Not due to Due to 
Dead cancer cancer 
I5 7 22 
130* 


* Excluding 1 case lost to follow-up, 
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TABLE III 


PATIENTS WITH Tı VOCAL CORD CANCER 
TREATED BY RADIOTHERAPY 
(1950-1964) 

Died before December 31, 1966 


Cause of Death 


Due to cancer 


Metastasis to lung 
Metastasis to liver 
Lung cancer 
Hodgkin’s disease 
Type unknown 


Due to other causes 


Heart failure and coronary occlusion 
Cerebral vascular accident 

Hepatic failure 

Parkinson’s disease 

CO poison 

Others 





of the cause of death the average FLE 
indexed for the two groups (died due to 
cancer and died due to other causes) are 
not too different: for one it is 0.31 and for 
the other, 9.35. In addition, for both groups, 
about 60~70 per cent of the deaths occurred 
within a period of 0.30 of their respective 
life expectancy. 


TasLe IV 


PATIENTS WITH Ti VOCAL CORD CANCER 
TREATED BY RADIOTHERAPY 
(1950-1964) 

Status December 31, 1966 








No. of Patients 












Range of | Alive with Diebdue | in dae 
FLE recurrence 
to to other 
cancer causes 
4} 60%) 
6 
Total number 15 
Average FLE 9.35 


* FLE (fractional life expectancy) calculated at the time of re- 
currence observed. 
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Median oge 
“se OF W.M. 


Alive with no disease 


e Alive with recurrence 


Av. FLE. as of Dec. 1966 


Own 0bhkU000'00 


50 52 54 56 58 60 62 64 66 


Year of Treatment by Radiotherapy 


Fic. 1. Graph plotting the average fractional life 
expectancy (FLE) of the living patients treated 
each year against the year of treatment. 


In the case of patients who had recur- 
rences, as seen in Table rv, nearly go per cent 
of the recurrences took place within a 
period of o.10 or less of the normal life 
expectancy, and the average FLE is 0.076 

The use of this index also opens up new 
possibilities for analvzing the results of 
treatment. For instance, if we plot the 
average FLE of the living patients (calcu- 
lated up to the end of 1966) treated each 
vear against the vear of treatment, we 
have a graph as shown in Figure 1. This 
graph comprises two distinct portions: a 
horizontal portion which lies between vears 
1950 and 1956, and a regularly descending 
portion after 1956. The horizontal portion 
shows that the average FLE for the pa- 
tients treated from 1950 to 1956 is nearly 
constant between o.6 and 0.7. The second 
portion shows that after 1956 the average 
FLE decreases nearly linearly, as might be 
expected, since the FLE is greater for 
patients treated earlier than those of the 
same age treated more recently. The FLE 
of living patients will of course increase as 
the time goes on until thev die. In fact the 
average FLE indices after 1956 nearly lie 
on the straight line representing the FLE 
of a white male of 59 years of age (normal 
life expectancy 16.5 years) for whatever the 
vear of treatment. The actual median age 
of the whole series of patients in this study 

ras in fact $9. 
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In Figure 1, the individual FLE of the 
patients alive with recurrence of disease 
were also plotted as of the end of 1966. So 
tar the highest FLE of the patient still 
alive with recurrence is 0.59, and § out of 
9 cases tow already have a FLE greater 
than, or equal to, 0.30. This would seem to 
indicate that the recurrence of vocal cord 
cancer does not necessarily have any 
significant effect on the patient's life-span. 

Summarizing the above analysis derived 
from the use of the fractional life expec- 
tancy, the life-span of the patients with T; 
vocal cord cancer after radiotherapy may 
be considered in several different stages, as 
shown ir. Figure 2. 


(1) Nenety per cent of recurrences took 
plice within o.10 of the patient's 
lf? expectancy at the age when 
treated. 

Sizty to seventy per cent of deaths 
due to cancer or due to other causes 
occur within 0.30 of the patient's 
life expectancy. The high percentage 
of deaths due to other causes within 
0.30 of the normal life expectancy 
In our group may indicate that these 
patients admitted for radiotherapy 
were originally not in good health. 
‘There is an indication that due to the 
deterioration of general health 
afected bv the disease, the patient's 
lif» expectancy may be reduced to 
0.6 to 0.7 of the normal life expec- 


Fractional Life Expectancy 
3 6 7 1.0 


oe 
nl 


^" 


4 of recurrence in this period 
l i i 
— 9! i 
70% of all cancer deaths 
H 
i i 
5095 of deaths due to other causes 


] 
vv 


Life expectancy reduced 
by this factor? 


© 
| 2 


cine sr Alis pipe ater dii inh dem wm hie pip cic cle eh ly dili Vb rh cile 


Treatmerr year 


lic. 2. Barriers in the life-span of 
T; vocal cord patients. 
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tancy (see the horizontal portion of 
the graph in Figure 1). 


As already shown above, of the cases 
treated for T, vocal cord cancer, 60-70 
per cent of the deaths, whether due to 
cancer or due to other causes, generallv 
occurred at the fractional life expectancy 
of 0.30 or less. If we take this as a dividing 
point, the whole group of patients as ot the 
end of 1966 can be further divided into 
those with a FLE greater than 0.30 and 
with a FLE equal to 0.30 or less, as shown 
in Table v. Patients alive or dead, and free 
of evidence of the original disease treated, 
each of whose FLE is greater than 0.30, 


[ae 


may be tentatively considered as the suc- 


Tapie V 


PATIENTS WITH Ti VOCAL CORD CANCER 
TREATED BY RADIOTHERAPY 
(1950-1964) 


Successful: 
Free of evidence of disease treated and 
any other types of cancer; FLE greater 
than 0.30 
No. of 


Patients 
MIC PPP een ei eres ea 47 
bask chad Soh a aces oe Gok aes, Boe 2 h 
(uoc AN E P EEEE ETE, T 
Inconciusitve: 
Free of evidence of disease treated and 
any other types of cancer; FLE equal 
to 0.30 or less 
IE Aout ea nd andis eur t ea wh 52 
bol "p "LP G 
DE EEN E E tias tulsste ro acd 61 
Ineffecttve: 
Alive with recurrence (or with anv 
EV ESOP CANCE) oreert aina 9 
Died due to disease treated or due to 
any other types of cancer. ........ 3 
MEME RM RC ETE EEN 16 
Total number of patients treated..... 130% 


* Excluding 1 lost to follow-up. 
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cessful group. Patients alive with recur- 
rence or with other types of cancer, or who 
have died from cancer may be considered as 
ineffective control of the disease. Patients 
for whom the treatment can only be con- 
sidered as inconclusive are those, alive or 
dead, whose FLE was 0.30 or less and who 
were free of evidenceof disease and any other 
tvpes of cancer. It may be reasonably 
hoped that once a patient lives beyond this 
period, namely, when his FL E exceeds 0.30, 
he will have a greater opportunity to live 
up to 0.6 to 0.7 of his normal life expec- 
tancv. Of course, additional data and new 
studies may either support or disprove this 
expectation. 


DISCUSSTON 


The main advantages of this new index 
are summarized as follows: 

1. Inclusion of age, sex and race considera- 
tion. The normal lite expectancy 1s given 
generally in the national vital statistics 
according to the age, sex, and race; there- 
fore, the FLE of the individual is auto- 
matically adjusted for these factors. 

2. Flexibility for statistical analysis. The 
survival rate 1s a percentage of a group of 
patients, and the FLE is an index for each 
individual. The FILE indices obtained for a 
number of patients are more flexible for 
statistical analvsis, as for instance in the 
calculation of the frequency distribution of 
the indices for any subgroups of the pa- 
tients. Some patterns may be detected as 
was observed in the example, for instance, 
which showed that go per cent of the re- 
currences took place within o.10 of the life 
expectancy after the time of treatment. 
Such aspects are not brought out in the 
survival rate data. 

3. Accumulation of data. Since the FLE 
is calculated for each individual, it is not 
necessary to wait until data have been 
collected for a large enough group of pa- 
tients before making any calculations, 
which is absolutely necessary for calculat- 
ing the survival rates. 

We may conclude that while the survival 


we 
ani 
oc 


rate provides an over-all indication of the 
percentage of survivals of a patient group 
with an adequate size, the fractional life 
expectancy 1s an additional useful index 
for analvzing the results of treatment. 


SUMMARY 


This paper suggests the use of a new in- 
dex for evaluating the results of treatment 
by irradiation, The index suggested is the 
ratio of the duration of survival of a pa- 
tient after treatment to his normal life 
expectancy according to his population 
group. This index is designated as the 
"fractional life expectancy" (FLE). 

The use of the FLE is illustrated by à 
study of the radiotherapy results of pa- 
tients with T, vocal cord cancer treated 
during 1950-1964 at the Temple Uni- 
versity Hospital. 

Department of Radiology 

Temple University School of Medicine and Hospital 
3401 N. Broad Street 

Philadelphia, Pennsylvania 19140 


| am most grateful to Dr. Robert 
Robbins for his advice and comments, and 
for the use of the patients’ records in this 
studv. 
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THE FIFTIETH ANNUAL MEETING OF 
THE AMERICAN RADIUM SOCIETY 


LL interested physicians are cordially 
invited to attend the Fiftieth Annual 
Meeting of the American. Radium Society 
which will be held at the Fontainebleau 
Hotel, Miami Beach, Florida, April 8, 9. 
Io, and 11, 1968. The Scientific Program 
and Schedule of Events, appear elsewhere 
in this issue of the JourNnan., 

Registration for members and other 
interested physicians will commence at 
NOON on Sunday, April 7th, and those 
planning to attend are urged to apply now 
for reservations so that they may be ac- 
commodated at the Fontainebleau Hotel. 
There is a nominal registration fee for 
non-members who are not participating in 
the program. 

The Scientific Program Committee has 
been overwhelmed with a magnificent 
selection of abstracts from cities through- 
out North America. The resultant program 
reflects the diversified interests of our 
membership. The theme of this vear’s 
Annual Meeting is Therapeutics of Cancer 
with particular attention to the joint 
endeavors of surgeon and radiotherapist 
and the dependence of both on the patholo- 
gist. To this end, there will be papers on 
some aspects of gvnecologic cancer, some 
aspects of head and neck cancer, and dosim- 
etrv. There will be a discussion on the 
pros and cons of hyperbaric oxvgenation in 
radiation. therapv. 

Three special Panel Symposia are also 
planned. There will be a panel symposium 
on pediatric cancer, with invited pediatric 
surgeon, Lester Martin from Cincinnati, 
and chemotherapist, Lois Murphy from 
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New York. There will be a panel sym- 
posium on the problems of treating esopha- 
geal cancer, with the distinguished radio- 
therapist pom Edinburgh, J. G. Pearson, 
and the distinguished gastrointestinal sur- 
geon, Komel Nakain from Tokyo join- 
ing members of this Society. A panel 
symposium on prostatic cancer will explore 
newer trends in therapeutics and will be 
enhanced by the presence of a biostatisti- 
can from The National Institutes of 
Health, Dr. John C. Bailar, and Dr. 
Ralph A. Stratfon, urologist to the Cleve- 
land Clinic. 

The Janeway Lecture will be delivered 
bv Dr. W. Gerald Cosbie of Toronto on, 
the merits of centralized cancer services 
to be based on his experiences springing 
from a lifetime of work with the Ontario 
Cancer Treatment and Research Founda- 
tion, 

One am of the Scientific Program 
Committee is to encourage discussion and, 
if members think indicated, controversy! 
To this end, programs will Dë received by 
the members a month ahead of the meeting. 
Please bring the program with vou, study 
the abstracts, and note that three minute 
soar eae from the p will be allowed 


T le i morning meetings will run from 
gi00 A.M. to 1:00 P.M., and the afternoons 
will be available for other activities. 

Dr. Ivor Fix and his Committee on 
Local Arrangements are offering us not 
onlv the salubrious Florida climate, but 
2] tunities for fishing and sight-seeing. 

The ladies may take boat trips to Ft. 
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Lauderdale and to Vizcaya, a magnificent Annual Banquet of the Society. See you In 
estate, and to the seaquarium. In addition, Miami Beach? 


two symphony orchestras and the Cocoa- Joun L. Poor, M.D. 
nut Grove Playhouse will be in operation. President, American Radium Society 


I here will be evening receptions on April -se Park Avenue 
8th and April gth, and on April roth, the New York, New York 10021 
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HUGH FREDERICK HARE, 


M.D. 


1902-1967 


* THE evening of July 17, 1967 Hugh 
Frederick Hare, radiologist at the 
Los Angeles Tumor Dum e passed away 
suik lenly at his home at the age of 65, His 
active and distinguished career, centered at 
different. times both in the W est and in 
New England, combined the imagination 
and resourcefulness of the scientific in. 
novator with the warmth and clinical 
skill and concern of the true physician. 
Hugh Hare will be remembered for manv 





things, Underlying his professional career 
were his d leep convictions and understand- 
ing of ionizing radiation for the control of 
malignant « disease and his skill and human- 
AE applying them to the individual 
patient in his care. These qualities led in 
1949 to the fruitful cooperation. between 
his group at the Lahev Clinic in Boston 
and the physic: s staff at MLT. in investi 
gating the effec tiveness of the penetrating 
A rays from a two million volt Van de 


^ 
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Graaff accelerator combined with rota- 
tional administration. 

Before he left the Boston area in 1953 
for California, the concepts of rotational 
therapy, the intricately shaped and posi- 
tioned fields, had been shown to be advan- 
tageous and feasible. Moreover, the direct 
application of low megavolt electrons for 
the management of extensive superficial 
malignancies had also been reduced to 
clinical practice. 

The esteem and affection that Hugh 
Hare inspired in his close associates and 
patients were also reflected by the profes- 
sional societies. In 1944 he served as 
President of the New England Roentgen 
Ray Society and in 1951 he was President 
of the American Radium Society. He was 
also a member of the American Roentgen 
Ray Society, the Radiological Society of 
North America, the Rocky Mountain 
Radiological Society, the Roentgen Society 
of Colombia (honorary), the New York 
Academy of Science, and the American 
Medical Association. 

Hugh Hare was born on March 26, 1902, 
at State College, New Mexico, where his 
father was a professor. His undergraduate 
years were spent successively at the New 
Mexico A and M College (1917-20), 
Stanford University (1920-21), and Ala- 
bama Polytechnic Institute where he 
received his B.Sc. in 1924. As a fellow at 
the University of Alabama he taught 
chemistry and began the medical training 
which led to his M.D. in 1928 after two 
years at Harvard Medical School. In this 
interval he had found time to become a 
registered pharmacist. He interned for 
two years at the University of Michigan in 
internal medicine, and then took up resi- 
dency in radiology at the Peter Bent 
Brigham Hospital under Dr. Merrill 
Sosman from 1930-32. He associated him- 
self with the brilliant Boston surgeon, Dr. 
Frank Lahey, and was chief radiologist at 
the Lahey Clinic from 1933-53. He also 
served as consulting radiologist at the 
Children’s Hospital in Boston 1935-40, 
Peter Bent Brigham Hospital 1932-53, 
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and the New England Deaconess Hospital 
1940-53. His association at M.I.T. was 
recognized with a research associate ap- 
pointment. 

Dr. Hare moved with his family to 
California in 1953 and became associated 
with Drs. William E. Costolow and Orville 
N. Meland at the Los Angeles Tumor 
Institute, and he continued his activities 
in cobalt 60 teletherapy as well as 2 mev. 
x-ray therapy. In 1957 he initiated the 
organization of the Southern California 
Cancer Center, which combines cancer 
therapy using 2 mev. sources, radium, and 
Isotopes, with a program of cancer research. 
He organized a night-time industrial 
radiography program which made use of 
the 2 mev. Van de Graaff x-ray therapy 
source to produce funds to help defray the 
treatment course of patients unable to 
pay. His clinical investigations with super- 
voltage x rays and new methods of ad- 
ministration were the subject through the 
years of scores of papers. 

Dr. Hare’s home life was a happy one. 
He was married twice. Louise Henderson, 
whom he married in 1933, died in 1957. Their 
two children are Hugh Gerald Hare, now 
a physician practicing at Falmouth, Mass., 
and Carolyn Sue, now Mrs. John Coombs, 
who lives in San Marino, California. There 
are four grandchildren. In 1959 Dr. Hare 
married Edna K. Druwing, who had 
worked with him both at the Lahey Clinic 
and at M.I.T. 

Hugh Hare was a wonderful friend to 
many people and inspired confidence and 
affection wherever he went. He was out- 
going and helpful, imaginative, gay in 
spirit, appreciative of his associates and 
interested in the wellbeing of others. He 
will indeed be long remembered and ad- 
mired by the many he worked with and by 
those he befriended and helped throughout 
the country. His patients were devoted to 
him and continue to miss his friendly 
interest. 


Joun G. Trump, D.Sc. 
James F. Noran, M.D. 


Jantary, 1968 
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The following program has been arranged 1 


oy the Scientific Program Committee for the 


Fiftieth Annual Meeting of the American Radium Society to be held at the Fontaine. 
bleau Hotel, Miami Beach, Florida, April 8-11, 1968. 


Sunday, April 7, 1968 
9:00 A.M.-3:00 P.M. 
Executive Committee Meeting. 
Joseph H. Farrow, M.D., Chairman 
12:00 NOON-6:00 P.M. 
Registration. 


Monday, April 8, 1968 


100 A.M.-4:00 P.M. 

Registration. 

[00 A.M, 

Opening Ceremonies and 
l'iftieth Annual Meeting. 

Henry King Santord, Ph D., * President, 
University of Miami, Coni Gables, Flor: 

DIO A.M.-79:26 A.M. 

Presidente Address-—The Role of the 
Specialist in Medicine and Society—-John L. 


Pool, M.D., New York, New York. 


Welcome Address, 


lVigsT SCIENTIFIC SESSION 
Saul B. Gusberg, M.D., Chairman. 
Mt. Sinai Hospital, New York, New York. 
126 A.M.7914O0 A.M. 
The Treatment of Ovarian Cancer. D.G.C. 


Clark, M.D., B. S. Hilaris, M.D.,* and C. 
Roussis, M.D.,* Memorial Cancer Center, 


New York, New York. 

140 A.M.7g: £O A.M. 

The Role of Preoperative Radiation Therapy in 
the Management of Carcinoma of the Ovary. 
J. M. Vaeth, M.D., Mt. Zion Hospital and 
Medical Center, San Francisco, California. 

9:50 A.M.-1O:00 A.M, 

Discussion. 

10:00 A.M.—IO:1O A.M. 

The Combination of External Irradiation and 
Curietherapy Used Preoperativelv in Adeno- 
carcinoma of the Endometrium. V. A. Marcial, 
M.D., and J. M. Tome’, M.D.,* Puerto Rico 
Nuclear Center, San Juan, Puerto Rico. 

IO:1O A.M.—10:20 A.M. 

The Significance of Involvement of the Cervix in 
Adenocarcinoma of the Uterus. L. Delclos, 
M.D., G. H. Fletcher, M.D., A. G. Gutierrez, 
M.D.,* and F. N. Rutledge, M.D., M. D. 
Anderson Hospital and Tumor Institute at 
Houston, Houston, Texas. 
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120 A.kM. "10:30 A.M. 
Recurrent Endometrial Cancer, Techniques. and 

Results of Treatment. A. Badib, M.D. Am 

5.5. Kurohara, M.D.,* A. Beitia, M. D., Ej, H. 

Webster, M. D.* ind J. Graham, M.D., 

Roswell Park Memon Institute, Buffalo, 

New York. 

30 A.N.-10:44 
Discussion. 
10:45 A.RL—10:66 A.M. 

Intermission. 

10:56 A.FL.—11:06 A.M. 

Curative Treatment of Hodgkin's Disease. E 

Hynes, M.D. ; Wilmington, Delaware, 
LIELOS A.M.-11:20 A.M. 

The Sites of i and Extension in Malig- 
nant Lymphomas Treated with Radical Radia- 
tion Therapy. L. R. Prosnitz, M.D.,* S. 
Hellman, M.D.,* C. F. von E M. D. 4, and 
M. Mf. N M.D., Yale University School 
of Medicine, s Hav ii Connecticut. 

1:20 A.N.—11:36 A.M, 
Discussion. 


Io 


io A.M, 


1Pi38 A.M.—1:00 P.M, 
Panel Symposium: The Treatment of Solid Malig- 
nant Tumors in Childhood. 
Lemue! Bowden, M.D., Moderator. Memorial 
Cancer Center, New York, New York. 
Surgery: 
Lester W. Martin, M.D.,* 
Hospital, Cincinnati, Ohio. 
Radiation Therapy: 
Giulio J. D'Angio, M.D.,* University of Minne- 
sota Hospitals, Minneapolis, Minnesota. 
Chemotherapy; 
M. Lois Murphy, M.D.,* Memorial Cancer 
Center, New York, New York. 


The Children's 


LICO P.M 
Adjournment of First Scientific Session, 


6:30 P.M.-8:30 PM. 


Pactum _ Courtesy of the Atomic Energy of 
Canada, Ltd. 
Tuesday, April 9, 1968 
7+4$ A.M. 
First Executive Session. Breakfast Meeting. All 
menbers. 
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SECOND SCIENTIFIC SESSION 

E. Richard King, M.D., Chairman, 
Medical College of Virginia, 
Virginia, 

9:00 A.M.—9:10 A.M. 

Extradural Metastases in Children: A Radio- 
therapeutic Approach for Rapid Relief of Cord 
Compression. M. Tefft, M.D.,* and M. D. 
Schulz, M.D., Children’s Hospital Medical 
Center, Boston, Massachusetts. 

9:1O A.M.79:20 A.M. 

Radiation Tolerance of the Thoracic Spinal Cord. 
F. Buschke, M.D., and T. L. Phillips, M.D.,* 
University of California, San Francisco, Cali- 


Richmond, 


fornia. 
9:20 A.M.-9:30 A.M, 
Discussion. 


9130 A.M.—9:446 A.M. 

Combined Intra-Arterial Infusion and Radio. 
therapy for the Treatment of Advanced Cancer 
of the Head and Neck. R. H. Jesse, M.D., M. D. 
Anderson Hospital and Tumor Institute at 
Houston, Houston, Texas. 

9245 A.M.-9155 A.M. 

Treatment of Carcinoma of the Larynx. R. J. 
Bloor, M.D., and S. M. kKosciolek, M.D.,* 
Henry Ford Hospital, Detroit, Michigan. 

9:56 A.M.-1O:IO A.M. 

The Natural History and the Radiation Treatment 
of Lymphosarcomatous Sarcomas of Naso. 
pharynx. J. F. Bohorguez, M.D.,* Michael 
Reese Hospital, Chicago, Hlinois. Sponsored by 
J. J. Nickson, M.D. 

10:10 A.M.—10:20 A.M. 

Radiotherapy of Cancer of the Base of the Tongue: 
116 Patients Treated in the Years 1952 through 
1962. P. W. Scanlon, M.D., E. H. Soule, M.D.,* 
K. D. Devine, M.D.,* and J. B. McBean, 
M.D.,* Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. 

10:20 A.M.—10:35 A.M. 

Discussion. 

10:36 A.M.—10:40 A.M. 

Intermission. 

10:40 A.M.-10: 60 A.M. 

Chemosurgery in the Treatment of Malignancies 
on the Face. M. W. Eisenstein, M.D.,* Michael 
Reese Hospital and. Medical Center, Chicago, 
Illinois. Sponsored by J. J. Nickson, M.D. 

1O:$O A.M.-I11:00 A.M. 


Interstitial Radiation in the Management of 


Malignant Disease of the Facial Structures. 
C. W, Boyer, Jr, M.D.,* T. J. Brickner, Jr., 
M.D.,* and R. H. Perry, M.D.,* Walter Reed 
Hospital, Washington, D. C. Sponsored by 
H. L. Berman, M.D. 
11:00 A.M.-11:10 A.M. 
Dosimetric Considerations in Cobalt 60 Rotational 
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Therapy for Esophageal Lesions: A Compari- 
son of Transit and Intraluminal Dose Mea- 
surement. D. B. Goldenberg, M.D.* UL. V. 
Gopala Rao, Sc.D.,* and S. Lett, M.D.,* Johns 


Hopkins Hospital, Baltimore, Maryland. 
I1:10 A.M.-11:25 A.M. 
Discussion. 
11:24 A.M.-11 130 A.M. 


Intermission. 


11:30 A.M.-1:00 P.M. 
Panel Symposium: The Treatment of Esophageal 
Cancer. 


Vincent P. Collins, M.D., Moderator. Baylor 
University, Houston, Texas. 
11:30 A.M.-11:55 A.M. 
Radiation Therapy: 
J. G. Pearson, M.D.,* The Royal Infirmary, 
Edinburgh, Scotland. 
11:56 A.M.—12:20 P.M, 
Surgery: 
komei Nakayama, M.D,* Tokyo Women's 
Medical College, Tokyo, Japan. 
12:20 P.M.-12:30 P.M. 
Radiation Therapy: 
W. D. Rider, M.D.,* Princess Margaret Hospi- 
tal, Toronto, Ontario, Canada. 
12:30 P.M.-12:40 P.M. 
Combined Therapy: 
J. T. Goodner, M.D., Memorial Cancer Center, 
New York, New York. 
[2:40 P.M.-I:O0O0 P.M. 
Discussion, 


1:00 P.M. 
Adjournment of Second Scientific Session. 


6:30 P.M.-8 230 P.M. 
Reception for all members and guests. Host — 
The Radium Chemical Company. 


Wednesday, April 10, 1968 


DILE VAM 
Second Executive Session. Breakfast Meeting. 
All members. 


THIRD SCIENTIFIC SESSION 
James F. Nolan, M.D., Chairman. 

California Hospital, Los Angeles, California. 
9:00 A.M.—9:16 A.M. 

Long Time Survivals of Cancer of the Eye and 
Adjoining Structures Treated with Radiation 
Therapy. C. L. Martin, M.D., Dallas, Texas. 

9:15 A.M.-9:32 A.M. 

Radiation Induced Neoplasia Following. Exter- 
nal Beam Therapy for Children with Retino- 
blastoma. R. H. Sagerman, M.D, J. R. 
Cassady, M.D.,* P. Tretter, M.D.,* and R. M. 
EUsworth, M.D.,* — Columbia-Presbvyterian 
Medical Center, New York, New York. 


* By Invitation. 
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Qe 30 A.M. 70:40 A.M. 

Development of Ultrastructural Radiation Injury. 
W. R. Hendee, Ph.D.,* M. A. Alders, B.S.,* 
and C. E. Garciga, M.D., University of Colo. 
rado Medical Center, Denver, Colorado. 

9140 A.M.-9:60 A.M. 

Cutaneous Reaction to Radiation Therapy. W. S. 
Maxfield, M.D., and W. P. Coleman, M.D.,* 
Ochsner Clinic, New Orleans, Louisiana. 

9:50 4.M.—10:00 A.M, 

Discussion. 

10:00 A.M.—IO:IO A.M. 

Interstitial Implantation of Radioactive Seeds 
During Thoracotomy for Primary Lung Cancer. 
U. K. Henschke, M.D., B. S. Hilaris, M.D.,* 
and J. L. Pool, M.D., Memorial Cancer Center, 
New York, New York. 

IO:IO A.M.—10:20 A.M. 

Pre and Postirradiation Azvgography: Its Value 
in Determining Surgical Resectability of Pul- 
monary Carcinoma. C. T. Rinker, M.D.,* and 
A. W. Templeton, M.D.,* University of Mis- 
souri, School of Medicine, Columbia, Missouri. 

10:20 A.M.—-10:30 A.M. 

Discussion. 

10:30 A.M.—10:35 A.M. 

Intermission. 

10:35 A.M.~10145 A.M. 

Clinical Application of Computer Dosimetry in 
Interstitial Radium Therapy. J. R. Castro, 
M.D.,* and R. D. Lindberg, M.D.,* M. D. 
Anderson Hospital and Tumor Institute at 
Houston, Houston, Texas. 

10:46 A.M.-IO:45 A.M. 

A New Rectal Dosimetry Catheter for Use in 
Radiotherapy of Carcinoma of the Uterine 
Cervix. J. J. Sheldon, M.D.,* M. Vuksanovic, 
M.D., G. J. Wold, M.S.,* and E. A. Fonts, 
M.D.,* University of Miami, School of Medi- 
cine, Miami, Florida. 

IO:64 A.M.—11:10 A.M. 

A Light Analog System for Radiotherapy Plan- 
ning. G. S, Freedman, M.D.,* and P. N. 
Goodwin, | Ph.D.,* | Columbia-Presbyterian 
Medical Center, New York, New York. 

I1:1O A.M.—11:25 A.M, 

Discussion. 

11:25 A.M.—11:40 A.M. 

Toxicity Due to Combined Localized Abdominal 
Radiation and Intravenous Actinomycin Treat- 
ment in Dogs. J. P. Concannon, M.D, R. E. 
Summers, M.S.,* J. King,* and C. Cole,* Alle- 
gheny General Hospital, Pittsburgh, Pennsyl- 
vania. 

11:4O A.M.—I11:150 A.M. 

The Role of Endolymphatic Isotope Therapy in 
the Treatment of Malignant Melanoma. I. M. 
Ariel, M.D., and R. Oropeza, M.D.,* Pack 
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Mecical Foundation, New York, New York. 
LEIGO Acad, 712:00 NOON, 
Discussion. 
12:00 NeON-12:10 PLM. 
Intermission. 


12:10 Pais SOO: P.M. 


Tug Janeway LECTURE 


Introduction: Dr. Clifford L. Ash, Ontario Cancer 
Institute, Toronto, Canada. 
“The €entralization of Cancer Services. How Far 
Shoulc It Go?" 
W. Gerald Cosbie, M.D.,* Toronto, Canada. 
1:00 P.M. 
Adjournment of Third Scientific Session. 


1:30 P.M. 
Lunchzon--Society of Therapeutic Radiologists. 


7 TOG P.M 
Annual Banquet, and presentation of the fane- 
way Medal. 


inc 


Thursday, April 11, 1908 


FOURTH SCIENTIFIC SESSION 
l'errando G. Bloedorn, M.D., Chairman. 
University of Maryland Hospital, Balti- 
more, Maryland. 
9:100 A.M.—9:1$ A.M. 

Electron Beam Therapy in Head and Neck, and 
Breast Cancers. N. duV. Tapley, M.D., and 
G. H. Fletcher, M.D., M. D. Anderson Hospi- 
tal znd Tumor Institute at Houston, Houston, 
Texas. 

9:15 A.M.—9:25 A.M. 

The Treatment of Mycosis Fungoides with a 
Higa Energy Scanning Electron Beam. M. L. 
Gran, M.D., F. D. Malkinson, M.D.,* and L. 
Skaggs, Ph.D.,* University of Chicago, Chicago, 


Hlinois. 
9:256 A.M.—9:35 A.M. 


Hydrexyurea; A Radiosensitizer in Head and 
Necx Carcinoma. G. Richards, M.D.,* and 
R. 3. Chambers, M.D., Greater Baltimore 
Mecical Center, Baltimore, Maryland. 

9:35 A.M&—79:45 A.M. 

Discussion. 

9:485 A.M.-10:00 A.M. 

The Changing Perspectives in Oxygen Breathing 
and Radiation Therapy of Cancer. P. Rubin, 
M.D., C. Poulter, M.B.B.S.,* and R. Quick,* 
Strong Memorial Hospital, Rochester, New 


Yora. 
10:00 A.4.-10: 16 A.M. 
Hyperoaric Oxygen and External Irradiation in 


bd 
f 


the Treatment of Cancer at Various Sites. 


R. ©. R. Johnson, M.B., and R. J. Walton, 


* By Insiation, 


au 





M.B., Manitoba Cancer Treatment and Re- 
search Foundation, Winnipeg, Manitoba, Can- 
ada. 
10:15 A.M.-10:30 A.M. 
Discussion. 
10:30 A.M.—10:40 A.M. 
Intermission. 
10:40 A.M.-1O:5£ A.M. 

Stereotaxic Transsphenoidal Biopsy and Cryo- 
surgery of Pituitary Tumors. R. W. Rand, 
M.D.,* University of California, Los Angeles, 
California. Sponsored bv J. J. Stein, M.D. 

10:55 A.M.-IT:1O A.M. 

Transantrosphenoidal Hypophysectomy. T. H. 
Miller, M.D., and H. R. Tollefsen, M.D.,* 
Memorial Cancer Center, New York, New 
York. 

II:1O A.M.-11:20 A.M. 

Discussion. 

I1:20 A.M.—11:30 A.M. 

Response to Radiation Therapy of Osseous 
Lesions Detected on Radioisotope Bone Scans. 
5. Baum, M.D.,* J. H. Davenport, M.D.,* 
and L. Silver, M.D.,* Long Island Jewish 
Hospital, Jamaica, New York. 
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11:130 A.M.-I1:40 A.M. 

The Radictherapy of Apparent. Primary Medi- 
astinal Seminoma. M. A. Bagshaw, M.D.,* 
W. T. McLaughlin, M.D.,* J. D. Earle, M.D.,* 
Stanford University, School of Medicine, 
Palo Alto, California. 


11:40 A.M.—1:00 P.M. 

Panel Sympostum: The Treatment of Prostatic 
Cancer. 

Juan A. del Regato, M.D., Moderator. The Pen- 
rose Cancer Hospital, Colorado Springs, Colo- 
rado. 

R. A. Straffon, M.D.,* The Cleveland Clinic, 
Cleveland, Ohio. 

J. C. Bailar, M.D.,* National Cancer Insti- 
tute, Bethesda, Maryland. 

F. W. George, III, M.D., U. S. Naval Hos- 
pital, San Diego, California. 


1:00 P.M.—Í1:10 P.M. 
Third Executive Session. 
I:1O0 P.M. 
Adjournment of the Fiftieth Annual Meeting of 
the American Radium Society. 


* By Invitation. 


January, 1968 


NEWS ITEMS 


THE ROCKY MOUNTAIN 
RADIOLOGICAL SOCIETY 
At the recent Annual Meeting of the 
Rocky Mountain Radiological Society, 
the following new officers for 1968 were 
elected: President: Bertram L. Pear, M.D., 
Englewood, X Colorado;  President- Elect: 
Clarence N. Sorensen, M.D., Scottsbluff, 
Nebraska; zs£ Vice-President: James W. 
Barber, M.D., Chevenne, Wyoming; 27d 
Vice-President: Verne G.  Latourrette, 
M.D., Denver, Colorado; and f7stortan: 
H. Milton Berg, M.D., Bismarck, North 
Dakota. 


The JSecretary- Treasurer is Robert W. 
Lackey, M.D., 4200 East Ninth Avenue, 
Denver, Colorado 80220. 


The next Annual Meeting of the Society 
will be held in Denver at the Brown Palace 
Hotel on August 15, 16 and 17, 1968. 

THE AMERICAN COLLEGE OF 
RADIOLOGY 

Dr. Joseph D. Calhoun, Chairman of the 
Board of Chancellors, announces that a 
postconvention travel plan to visit Portugal 
and Spain by members of The American 
College of Radiology, following the Chicago 
meeting Februarv 6 to to, 1968, has been 
arranged. 

The accommodations and many attrac- 
tive features of the tour have been specially 
prepared for The American College of 
Radiologv by Lee Kirkland of Group 
Travel Services, Inc., and the tour will be 
personally conducted throughout. 

Trans-Atlantic travel will be via TWA 
and PAN AM and one of the regulations 
governing use of the special air fare used 
makes it mandatory that reservation books 
be closed 30 days prior to departure of the 
trip. ghee reservations must be placed 
no later than January 10, 1968. 

For reservations please contact Lee J. 
Kirkland, President of Group Travel Ser- 
vices, Duc: 3545 Broadway, Kansas City, 
Missouri. 
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COURSE IN MEDICAL USES OF 
RADIOACTIVE ISOTOPES 

A four month, go hour course, February 
6 to May 28, 1968 in the Medical Uses of 
Radioactive Isotopes will be offered at the 
Queens Hospital Center bv the Nuclear 
Medicine Division. The course will consist 
of weekly five-hour sessions covering lec- 
tures, :aboratorv exercises and clinical 
management of patients. 

For *urther information please contact 
Division of Nuclear Medicine, Radio- 
isotope Course, The Long Island Jewish 
Hospital, Queens Hospital Center. Affilia- 
tion, 82-68 164th Street, Jamaica, New 


XOR 1432. 


WORKSHOP IN PEDIATRIC 
RADIOLOGY 

The second Annual Workshop in Pedi- 
atric Radiology will be held at the Chil- 
dren's Mercy Hospital, Kansas City, Mis- 
sourl, April 22-26, 1968. Guest pd ae 
will be Victor G. Mikity, M.D. Onlv 1 
registrants will be accepted, which S. 
the curriculum to include participation in 
daily patient care, special procedures, 
guest professor lectures, teaching file semi- 
nars, aad scientific exhibits review. 

For additional information please write 
to Dr. Chas. E. Shopfner, Department of 
Radiolegy, Children’s Mercy Hospital, 
1710 Independence Avenue, Kansas City, 
Missouri 64106. 


COURSE IN NEURORADIOLOGY 


The Department of Radiology of the 
Albert Einstein College of Medicine (with 
its affibated hospitals) will present a five 








day Pestgraduate Course in Neuroradiol- 
ogv fram May 13 through May 17, 1968. 


The ccurse is intended for radiologists, 
neurolegists, and neurosurgeons and will 
be a ccmprehensive review of the present 
day comcepts of diagnostic neuroradiology. 

Attention will also be directed towards the 
practical aspects of specialized diagnostic 
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procedures. Film interpretation panels will 
emphasize the approach towards diagnostic 
problems. 

In addition to members of the faculty of 
the Albert Einstein College of Medicine, 
the Guest Faculty will include: Dr. James 
W. D. Bull, Dr. Giovanni di Chiro, Dr. 
Torgny Greitz, Dr. Irvin I. Krichetf, Dr. 
Donald McRae, Dr. Harold O. Peterson, 
Dr. W. Gordon Potts, Dr. Juan M. 
Taveras, Dr. Ingmar Wickbom, and Dr. 
Ernest H. Wood. 

For further information please write to 
Mannie M. Schechter, M.D., Program 
Director, Neuroradiology Postotaduate 
Course, Albert Einstein College of Medi- 
cine, Bronx, New York 10461. 

POSTGRADUATE COURSE ON 
MEGAVOLTAGE THERAPY 

A Postgraduate Course on Megavoltage 
Therapy will be conducted by John Boland, 
M.D., from May 13 to May 24, 1968, on 
Monday, Wednesday and Friday, § P.M. 
to 7 PM. 

The course will consist of lectures on the 
clinical application of cobalt 60 beam, 2 
mev. x rays and electron beam, including 
rotation therapy and small field beam- 
directed therapy. Particular attention will 
be paid to dose distribution and calculation, 
relative biologic efficiency, selection of 
patients’ optimum doses and the manage- 
ment of reactions. 

For catalogue and application informa- 
tion please write to the Registrar, The 
Page and Wiliam Black Postgraduate 
School of Medicine of the Mount Sinai 
School of Medicine, Fifth Avenue and 
rooth Street, New York, New York 10029. 
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NATIONAL BUREAU OF STANDARDS 
Calibration of Grenz Rays 


To meet the needs for x-ray calibration 
service for instruments in the soft or Grenz- 
ray region, a free-air ionization-chamber 
standard suitable for this part of the x-ray 
spectrum has been constructed by the 
NBS Institute for Basic Standards (U. S. 
Department of Commerce). cule aa 
details together with the results of com- 
parisons of the new chamber with the 
NBS “low-energy” free-air chamber have 
previously been given by P. J. Lamperti 
and H. O. Wyckoff ( (7. Res. NBS, 1965, 
69C, 39°47). Direct comparison of the 
Grenz-ray chamber has also been made 
with a free-air chamber at the International 
Bureau of Weights and Measures (Sévres, 
France), and those results will be pub- 
lished shortly. 

The radiation qualities for which cali- 
bration service 1s offered in the Grenz-ray 
region are Io and 14 kvep. (=kilovolts 
constant potential) with a total filtration of 
1 mm. Be plus 19 cm. air, having half. 
value layers of 0.024 and 0.035 mm. Al 
respectively, A complete listing of NBS 
x-ray calibration services is contained in 
NBS Miscellaneous Publication 250, Cali- 
bration and Test Services of the National 
Bureau of Standards, available at $1.00 per 
copy from the Superintendent of Docu- 
ments, U. 5. Government Printing Office, 
Washington, D. C. 20402. 

For further information please write to 
NBS Office of Technical Information and 
Publications, U. S. Department of Com- 
merce, Room A so0/tot, Washington, 
D. C. 20254; 
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BOOK REVIEWS 


Peprarric X-Ray Dracnosis. By John Caffey, 
A.B., M.D., Visiting Professor of Radiology 
and Pediatrics, School of Medicine, Univer- 
sity of Pittsburgh; Roentgenologist, Chil- 
dren’s Hospital, Pittsburgh; Professor Emer- 
itus of Radiology, College of Physicians and 
Surgeons, Columbia University; Consultant 
Radiologist, Columbia-Presbyterian Medical 
Center, New York City; with the collabora- 
tion of Frederic N. Silverman, A.B., M.D., 
Professor of Pediatrics and. Radiologv, Uni- 
versity of Cincinnati College of Medicine; 
Radiologist and Attending Pediatrician, 
Children's Hospital, Cincinnati. Fifth edi- 
tion. Cloth. Pp. 1192, with 1730 illustrations. 
Price, 339.50. Year Book Medical Publishers, 
Inc., 35 East Wacker Drive, Chicago, Ill. 
60601, 1967. 


"There are numerous anatomic variants in 
the growing skeleton which closelv simulate the 
destructive and productive lesions caused by 
disease. The diagnostician must be familiar 
with the sites of these variants, their character 
and the age of their appearance and disappear- 
ance if he is to evaluate films accurately and if 
he is not to give children diseases which they do 
not have. Full knowledge of these common 
variants is much more important and useful 
than knowledge of the roentgen signs of the dis- 
eases themselves." 

This quotation, which is taken from the 
section. "The Extremities” of the latest edi- 
tion of Doctor CaHey's well-known book on 
Pediatric Roentgenology, epitomizes the au- 
thor’s philosophy, and, it seems to me, the 
strengths and weaknesses of the book. Doctor 
CaHey is at his best when addressing himself to 
the problem of roentgenologic evaluation of 
growing bones, and particularly of the normal 
variants which have been the subject of so 
much interest, and, as he points out, so much 
confusion and even misdiagnosis. 

Throughout the entire chapter on bones, the 
discussion and the descriptions are lucid and 
readable, scholarly but not pedantic. One of the 
best of these descriptions concerns assessment 
of bone maturation in children; it is typical of 
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Doctor Caffey's erudition and clarity of expres- 
sion. I would recommend purchase of ‘“Pedi- 
atric X- tay Diagnosis" to anyone interested 
in the subject if only for this chapter on bones. 
Of course there are many other chapters and 
sections which are well worth the reader’s time 
and effort. 

The weaknesses of the book are less impor- 
tant. There is a rather discouraging or dis- 
couragec approach to many problems, in the 
discussion. of which the author appears to be 
almost preoccupied by similarity and non- 
specificity of roentgenologic findings; this is 
perhaps most obvious in the chapter on the 
respiratory tract. The index is not as complete 
or well organized as it should be—a point of 
importamce in a text which is so widely used as 
a reference by residents and general radiologists 
in everyday work. 

The b bliography ts excellent, vet not exempt 
from ericicism. A list of references is placed at 
the end of each small section or subsection on 
related topics, and for the most part this makes 
easy the task of the reader who wishes to look 
tor individual sources in the reference list. On 
the othe- hand, much of the bibliography is not 
up to date; one list, chosen at random (p. 131), 
contains I8 references, of which only one, in 
1963, is ater than 1959. Throughout the book, 
there are in fact only a few references to the 
literature of the 5 years preceding the vear 
of publization. Many of the older sources, of 
course, ere of permanent value and one can only 
be grateul to Doctor Caffey for having sought 
them ovt and brought them to our attention. 
If, however, it is true that medical knowledge 
is expanding at a rapid rate, one may feel some 
concern that recent work has received insufh- 
cient a-tention. in the preparation of this 
newest edition of a great book. Use of the 
bibliography 1s made easy and pleasant by two 


one can only wish were more widely copied: the 
full title of each article cited in the bibliog- 
raphy is given, and English translations of 
foreign- anguage titles are given rather than 
the orig. nal titles. 
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For the most part, the illustrations. are 
excellent, and show faithfully reproductions of 
original roentgenograms of high quality. How- 
ever, there is a tendency to retain some of the 
older and by present standards inadequate 
roentgenographie reproductions when better 
quality examples could likely have been found. 
In this connection, one notes a tendency to 
trace or outline on the roentgenograms find- 
ings which are not self-evident. This is a prac- 
tice which I would hope will disappear. If the 
reproduction does not show the features to 
which attention is being directed, a tracing 
should be placed opposite, rather than lines 
drawn on the roentgenogram itself, since the 
lines tend to emphasize the inadequacy of the 
illustrations, and to further obscure the shad- 
ows in question. 

Enough small lapses and inconsistencies 
persist in this edition to make one hope that 
Doctor Caffey, with Doctor Silverman’s help, 
will continue this work and bring out another 
edition before too long. For example, the author 
notes that he "discontinued fluoroscopy of the 
heart because of its limited value, and more 
important, because of its potential radiation 
hazards." Yet, in the descriptions of individual 
normal and abnormal states which follow in the 
same chapter there are numerous comments 
about the contribution of fluoroscopy and the 
fluoroscopic findings. Nor is this edition im- 
mune from typographic errors, though they 
are gratifyingly infrequent. 

There is just enough dogmatism in this book 
to be firm and instructive without being narrow 
or disturbing. The author is an authority on 
his subject and quite properly does not hesitate 
to state his opinion about individual diseases, 
the diagnostic problems they present, and what 
part radiology does or should play in their 
investigation. 

Doctor Catey’s solution of the linguistic 
difficulties which confuse and baffle most of us 
is surely well known by now, but it continues 
to be interesting, even diverting. He says 
"tibias" instead of "tibiae," and by applying 
this Anglicized (or Americanized?) terminology 
throughout the text almost consistently, he 
surmounts or ignores the complexities of Latin 
or Greek derivations. I say almost consistently, 
advisedly, because there is no way of writing 
English well (as Doctor Caffey certainly does), 
without, in a linguistic sense, being derivative. 
Thus, the author says “pleuras” instead of 
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"pleurae," but uses a whole constellation of 
derivative terms to indicate orientation. and 
direction in the body-—including laterad, orad, 
rectad, as well as a few old-fashioned Latin 
plurals like villi and plicae. 

Do publishers of textbooks have any qualms 
when they faithfully reproduce an author's 
statement that "space does not permit," and 
then confront the reader with half a page or 
more of waste space caused by inefficient lay- 
out of cuts and legends? There are enough of 
these lapses in the sth Edition of Pediatric 
X-Ray Diagnosis to cause mild complaint. 
However, and this is more important, the 
reproductions and their captions are almost 
always well composed and apposite to the 
relevant textual material. 

In summary, the latest edition of Doctor 
Catfey’s famous textbook is, like the previous 
editions, scholarly yet readable, thoughtful 
but well organized and concise. Buy tt. 


J. Scorr Dunsar, M.D, 


RapioLoGiCAL ATLAS or Bone ‘Tumours. 
Volume 1. The Netherlands Committee on 
Bone Tumours. Cloth. Pp. 267, with many 
illustrations. Price, $35.00. The Williams 
& Wilkins Company, 428 E. Preston Street, 
Baltimore, Md. 21202, 1967. 


This book represents the efforts of a study 
committee on bone tumors, which included 
radiologists, pathologists, orthopedic and gen- 
eral surgeons. The committee collected sections 
of bone tumors and data concerning patients 
from the archives of departments of pathology 
as well as from referring clinicians treating the 
patients, who in turn supplied the roentgeno- 
grams and the case histories. The experience 
was also compared with material in the current 
literature. Sufficient diagnostic documentation 
was made in 1,569 cases. 

The tumors were divided into true neoplasms 
(malignant and benign tumors) and non- 
neoplastic lesions of the skeleton. Volume 1 
deals exclusively with the experience of 793 
malignant lesions of the skeleton. Subsequent 
volumes will deal with benign tumors and non- 
neoplastic tumor-like lesions involving the 
skeleton. 

There are excellent introductory chapters 
with general remarks concerning tumors of the 
skeleton and general radiographic features for 
diagnosis of bone tumors. In addition, each 
tumor is dealt with specifically from the stand- 
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point of incidence, age, sex, localization, clinical 
features, radiographic appearance, gross pathol- 
ogy, microscopie pathology, diagnosis, differ- 
ential diagnosis, prognosis and treatment. 

Of the I2 main chapters contained in the 
book, the first 9 are devoted to Osteosarcoma, 
juxtacortical osteosarcoma, chondrosarcoma, 
fibrosarcoma, Ewing’s sarcoma, myelom a, 
angiosarcoma and chordoma. Chapter 10 js 
devoted to the more rare type of malignant 
tumors including adamantinoma, liposarcoma, 
and undifferentiated sarcoma, Chapter 11 is 
devoted to involvement of the bones in malig- 
nant disease of the lymphoid and hemopoeitic 
tissue (Hodgkin’s disease, leukemia, acute 
erythremia and osteomyeloreticulosis). A final 
chapter is devoted to metastatic tumors. 

The book is profusely illustrated with the 
orginal roentgenograms presented as log- 
Etronic positive reproductions. However, in 
several areas good detail is lacking in the 
illustrations. 

In spite of the reproduction of the roentgeno- 
grams as positives, the material is well pre- 
sented, with excellent descriptive material 
accompanying each chapter. The atlas will 
make a useful reference book, not only to the 
radiologist but also to the clinician and the 
pathologist. 

E. NicHoras Sarcent, M.D. 


BOOKS RECEIVED 

GYNECOLOGIC Operations: Ixpications, TECHNIC 
AND Resvuxts. By Otto Kaser, M.D., Professor of 
Obstetrics and Gynecology, University of Frank- 
furt, Germany; and Franz A. Iklé, M.D., Associ- 
ate Gynecological Surgeon, Canton Hospital, 
5t. Gallen, Switzerland. English language edition 
by Albert Davis, M.D., F.R.C.S., Gynecological 
Surgeon, King's College Hospital Group, London, 
England, with Renate Marie Davis, M.B., B.S., 
London, England. Cloth. Pp. 387, with 257 
illustrations. Price, $37.50. Grune & Stratton, 
Inc., 381 Park Avenue South, New York, N. Y. 
10016, 1967. 

Tue SriNAL Corp. By H. Vakili, M.D., The Roent- 
gen Department, Serafimer Hospital, Stockholm, 
Sweden. Cloth. Pp. 368, with 263 illustrations. 
Price, $12.00. Intercontinental Medical Book 
Corporation, 381 Park Avenue South, New York, 
N. Y. 10016, 1967. 

SECOND Decenniat Review CONFERENCE on CELL 
Tissue AND OnGaN Curreure. The Tissue Culture 
Association Conference held at Bedford, Pa., 
Sept. 11-15, 1966. Edited by Benton B. Westfall. 
Naticnal Cancer Institute Monograph 26, Sept., 
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1967. Coth. Pp. 429, with many illustrations. 
Price, $2.00. U. S. Department of Health, Educa- 
tion, armi Welfare, National Cancer Institute, 
Bethesda, Md. For sale by the Superintendent 
of Documents, U. S. Government Printing Office, 
Washington, D. C. 20402, 1967. 
DIE INTERMITTIERENDE KONTRASTMITTELIN JEKTION 
IN Das Herz. By Priv-Doz. Dr. Nikolaus Schad : 
Róntgercliagnostisches Zentralinstitut der Uni. 
versitat Zürich. Paper. Pp. 116, with man y illus- 
trations. Price, DM 47.50. Gecrg Thieme Verlag, 
Stuttgarz. In the U. S. A. and Canada, Inter- 
continental Medical Book Corporation, 381 Park 
Avenue South, New York, N. Y. 10016, 1967. 
-LUSTRAT VE — CRaNIAL — NEvmgoRADIOLOGy, B y 
Alfred Schmitz, M.D., Associate Clinical 
Professor of Radiology, U niversity of California 
at Los Angeles Medical School, Los Angeles; 
Consultant Neuroradiologist, U. S, Naval Hospi- 
tal, Sar Diego; Radiologist, Daniel 
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Freeman 
Memorial Hospital and Centinela Valley Com- 
munity Hospital, Inglewood, Calif: Samuel B. 
Havesor, M.D., Assistant Clinical Professor of 
Radiology, University of Southern California 
Medical School, Los Angeles; Consultant Radiolo. 
gist, Lo. Angeles County General Hospital and 
Harbor General Hospital, Torrance; Radiologist, 
St. Francis Hospital, Lynwood, Calif; and 
Duke Hanna, M.D., Senior Neurosurgeon, Daniel 
Freemar Memorial Hospital, Inglewood; St. 
John's Hospital, Santa Monica; Santa Monica 
Hospital Santa Monica; and Centinela Valley 
Commuaity Hospital, Inglewood, Calif. Cloth. 
Pp. 388. with 26g figures. Price, $31.50. Charles 
C Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Hl. 62703, 1967. 

Procress ix Crinican Cancer. Volume II. Edited 
by Irvirg M. Ariel, M.D., F.A.C.S, Associate 
Clinical Professor of Surgery and Attending 
Surgeon New York Medical College, Flower 
and Fifth Avenue Hospitals; Attending Surgeon 
and Chef of the Soft Somatic Tissue Tumor 
Service, Hospital for Joint Diseases; Attending 
Surgeon. Pack Medical Group, New York, N. Y. 
Cloth. Pp. 370, with many illustrations. Price, 
$18.75. trune & Stratton, Ine., 381 Park Avenue 
South, New York, N. Y. 10016, 1967. 

ERROR ano Variation ix Diacxosric RapioLoco Y. 
By Marcus J. Smith, B.S., M.D., F.A.C.R,, 
Radiologist, St. Vincent Hospital, Santa Fe; 
Espanola Hospital, Espanola; Embudo Presby- 
teran Hospital, Embudo; Hol v Cross Hospital, 
Taos; Consulting Radiologist, U. S. Public Health 
Service Indian Hospital; Las Vegas Hospital; 
5t. Antkony's Hospital, Las Vegas, New Mexico. 
Cloth. Pp. 192, with some illustrations. Price, 
$8.75. Charles C Thomas, Publisher, 301-327 


East Lawrence Avenue, Springfield, Ill. 62703, 
1967. 


ULTRASTRICTURAL CHANGES IN BENIGN AND Mario. 
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Bera-Raprarion. By Kat Setälä, Otto Nyyssönen 
and Björn Lindroos, Department of Pathology, 
University of Helsinki. Acta radiologica Supple- 
mentum 265. Paper. Pp. 70, with many illustra- 
tions. Price, Sw. Kr. jor. Acta radiologica, 
Stockholm 2, Sweden, 1967. 

VascuLAR RESPONSE TO VASOPRESSIN AS REFLECTED 
IN ÁNGIOGRAPHY: AN EXPERIMENTAL STUDY IN 
THE Doc. By Göran Nylander, Department of 
Roentgendiagnosis and Department of Experi- 
mental Surgery, Malmö Allmänna Sjukhus, 
Malmö, Sweden. Acta radiologica Supplementum 

266. Paper. Pp. 80, with many illustrations. 

x Price, Sw. Kr. 35:-. Acta radiologica, Stockholm 

| 2, Sweden, 1967. 

AncrocrapHy IN Rena Tumors: [rs VALUE IN 
DIAGNOSIS AND DirrerenriaL DIAGNOSIS AS 
A COMPLEMENT to CONVENTIONAL Meruops, By 
Johan Folin, Roentgendiagnostic Department, 
University Hospital, Lund, Sweden. Acta radtol- 
ogica Supplementum 267. Paper. Pp. 96. Price, 
Sw. Kr. 35:-. Acta radiologica, Stockholm 2, Swe- 
den, 1957. 

CARCINOMA OF THE LUNG: A RETROSPECTIVE STUDY 
WITH SPECIAL REFERENCE TO PRE-DIAGNOSIS 
Periop AND RogNTGENOGRAPHIC SrGNs. By Eero 
Tala, Departments of Radiology, Medicine, and 
Surgery, University Hospital, Turku, and Paimio 
Tuberculosis Sanatorium, Paimio, Finland. Acta 
radiologica Supplementum 268. Paper. Pp. 128, 
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with many illustrations. Price, Sw. Kr. 351. Acta 
radiologica, Stockholm 2, Sweden, 1967. 

lopine 124 as a RADIATION Source FOR Oponro- 
Logical RogNTGENOLOGY. By Carl O. Henrikson, 
Department of Roentgenology, School of Den- 
tistry, Karolinska Institutet, Stockholm and Bio- 
physical Laboratory, School of Dentistry, Uni- 
versity of Umea, Umea, Sweden. Acta radiologica 
Supplementum 269g. Paper. Pp. go, with some 
illustrations. Price, Sw. Kr. 35:1. Acta radiologica, 
Stockholm 2, Sweden, 1967. 

COMPARTMENTS, POOLS, AND Spaces IN MEDICAL 
PuysroLtocy. Proceedings of a Symposium held 
at the Oak Ridge Institute of Nuclear Studies, 
and operating unit of Oak Ridge Associated Uni- 
versities, Oct. 24-27, 1966. Edited by Per-Erik E. 
Bergner, M.D., and C. C. Lushbaugh, M.D. U. S. 
Atomic Energy Commission/Division of Techni- 
cal Information. Paper. Pp. ¢22, with some ilus- 
trations. Price, $3.00. Available as CONF-661010 
from Clearinghouse for Federal Scientific and 


Technical Information, National Bureau of 
Standards, U. S. Department of Commerce, 


r 


Springheld, Va. 22161, 1967. 


CONGRES INTERNATIONAL SUR LA RADIOPROTEC- 
TION DANS L'UTILISATION INDUSTRIELLE DES 


RabiroÉLÉMENTS, Dec. 13-15, 1965, Paris. Paper. 
Pp. 174, with some figures. Service Central de 
Protection contre les Rayonnements lonisants, 
Boite Postale No. 35, 78 Le Vesinet, France, 
1967. 
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SOCIETY PROCEEDINGS 
MEME lilii... Aw 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


Unrrep STATES OF AMERICA 


AMERICAN Roentgen Ray SocigTY 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Jung Hotel, New 
Orleans, La., Oct. 1-4, 1968. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. Fernando G. Bloedorn, Division of Radio- 
therapy, University of Maryland Hosp., Baltimore, Md. 
21201, Annual meeting: Hotel Fontainebleau, Miami 
Beach, Fla., April 7-11, 1968. 

RaproLoGiCcAL Socigry or NORTH AMERICA 
Secretary- Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, IHL, Dec. 1-6, 1968, 

AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Drake Hotel, 
Chicago, H., Feb. 6-10, 1968. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: San Fran- 
cisco, Cali, June 16-20, 1968. 

AMERICAN Board or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

The Spring 1968 oral examination will be held at the 
Fontainebleau Hotel, Miami Beach, Florida, June 10-14, 
inclusive. The deadline for filing applications was Decem- 
ber 31, 1967, Candidates eligible for this examination will 
not be required to take the written examination. 

The first written examination will be held the latter 
half of June 1968 in various centers of the country for all 
residents having completed 3 years of approved training 
as of June 30, 1968. Deadline for filing for this examina. 
tion and the oral examination of December 1968 was 
December 31, 1967. 

American Association oF Puysicists IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N Broad St., Philadelphia, Pa. 19102. Annua! meet- 
ing to be announced. 

AMERICAN Society OF THERAPEUTIC RabDIoLocists 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

American Society ror Diagnostic ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

TWELFTH IuTERNATIONAL ConGress or RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otane, Tokyo, Japan, 
Oct. 6-11, 1969. 

Ninty INTER-AMERICAN Concress or Rapio.ocy 
Counselor for the United States, Dr. Juan A, del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Leandro Zubiaurre, Montevideo, Uruguay. 
Meeting: Hotel San Rafael, Punta del Este, Uruguay, 
Dec. 6-12, 1967. 

IxrER-AMERICAN COLLEGE or RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perú, 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama Srate Medical Association. 

Arizona RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert E. Steyskal, sso W. 
Thomas Rd., Phoenix, Ariz. 8:013. Two regular meetings 


a year. Annual meeting at time and place of State Medi- 
cal Ássodation and interim meeting six months later. 
ARKANSAS CHAPTER OF AMERICAN COLLEGE OF RADIOLOGY 

Secretary Treasurer, Dr. William J. Rhinehart, St. Vin. 
cent Infirmary, Little Rock, Ark. 7220€. 
ARKANSAS RADIOLOGICAL SOCIETY 
Secretary Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Arx. Meets every three months and also at time 
and place of State Medical Association. 
Association or Universrry RADIOLOGISTS 
Secretary Treasurer, Dr. Harry Z. Mellins, S.ULN.Y, 
College o Medicine, Brooklyn, New York 1 1201. Annual 
Meeting: Ohio State University School of Medicine 
Columbus, Ohio, May g-11, 1968. 
ATLANTA RADIOLOGICAL SOCIETY 
Secretary. Dr. Donald R. Rooney, Burnt Hickory Road 
Marietta. Ga. Meets monthly except during three sum- 
mer mon hs, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 
Bavarian-AMERICAN Raprotocic Society 
Secretary Colonel Kurt Harrell, Landstuhl Army Medi. 
cal Center, Landstuhl, Germany. Meets quarterly. 
BLOCKLEY RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, :41 Lombardy 
Rd., Drezel Hill, Pa. 19026. 
BLuEGRAss RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly, 
BROOKLYN RADIOLOGICAL SOCIETY 
Secretary. Dr. Skottowe DePass, 69-13 Forest Ave. 
Brooklyn, N. Y. 11227. Meets first ‘Thursday of each 
month, Cetober through June. 
Burrato RapioroGicAL Society 
secretary. Dr. Richard Sheehan, 36 Briarlee Drive, Tona. 
wanda, N. Y. Meets second Monday evening each 
month, Cztober to May inclusive. 
CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. James J. McCort, Santa Clara Valley 
Med. Ctr., San Jose, Calif. Meets annually during meet. 
ing of Caifornia Medical Association. 
CaTAWBA VALLEY RaproLocicat Society 
Secretary. Dr. Emmett R, White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiologz, Valdese General Hosp., Valdese, N. C., at 
12.05 NOON. 
Centrat New York RapioLocicAL Socrery 
Secretary- Treasurer, Dr. Robert A. Bornhurst, State 
Univ. Hospital, 750 E. Adams St., Syracuse, N. Y. 13210. 
Meets first Monday each month, October through May, 
CeNTRAL Ozo RaptoLoGicAL Socrery 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd. 
Columbus, O. 43209. Meets second T hursday in October, 
November, January, and March 1; and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. ` 
Cuicaco RoENTGEN Society 
Secretary. Treasurer, Dr. Fredric D. Lake, 2548 N. Lake. 
view Ave , Chicago, lll. 60614. Meets second Thursday of 
each mor th, October to April, except December, at the 
Pick-Corzress Hotel at 8:00 p.m. 
CLEVvELANE RaproLociCcAL Sociery 
Secretary. Treasurer, Dr, Theodore J. Castele, 18869 
Canyon Rd. Parkview Park, Ohio 44126. Meetings at 
7:00 P.M on fourth Monday of October, November 
January, February, March and April. 
COLORADO RADIOLOGICAL SOCIETY 
Secretary. Dr. Charles E. Seibert, Denver Gen. Hosp. 
Denver, Jolo, 80218. Meets third Friday of each month 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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at Denver Athletic Club from September through May. 

Connecticut VALLEY RaptoLoGIic SOCIETY 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

Datias-Fort Wortu RapioLocicaL Society 
Secretary-Treasurer, George E. Plum, 712 N. Washington 
Ave., Dallas, Tex. 75246. Meets monthly, third Monday, 
at Southwest International Airport at 6:30 P.M. 

Detroir RoEeNTGEN Ray AND Rapium Society 
Secretary, Dr. Robert L. Willis, Harper Hospital, Detroit, 
Mich. 48201. Meets monthly, first Thursday, October 
through May, at David Whitney House, toro Antietam, 
at 6:30 P.M. 

East Bav RADIOLOGICAL Society 
Secretary, Dr. Tom H, Piatt, 12 Camino Encinas, Orinda, 
Calif. 94563. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif, 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

FLoripa RADIOLOGICAL Society 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

Froripa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Garth R. Drewry, Tampa 
General Hospital, Tampa, Fla. 33606. Meets in January, 
March, May, July, September and November. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. L. Clements, Jr., 134 LaGrange St., 
Newman, Georgia 30265. Meets in spring and fall with 
Annual State Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad. 
way, Louisville, Ky. 40202. Meets monthly. 

GnEATER Miami RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr. Thomas W. Tufts, Broward 
General Hospital, 1600 S. Andrews Ave., Ft. Lauderdale, 
Fla. Meets monthly, third Wednesday at 8:00 P.M., at 
Jackson Memorial Hospital, Miami, Fla. 

GREATER St. Lours Sociery or RADIOLOGISTS 
Secretary-Treasurer, Dr. Alexander J, Link, 7215 Mary. 
land, St. Louis, Mo. 63130. 

Hawai RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. R. K. Wang, P.O. Box 256, 
Wahiawa, Oahu 96786. Meets third Monday of each 
month at 7:30 PM. 

Hearruy Puysics Soctery 
Secretary, John W. Thomas, Philadelphia, Pa. Annual 
Meeting: Denver-Hilton Hotel, Denver, Colo., June 
16—20, 1968. 

Houston RapioLocicAL Society 
Secretary, Dr. Zoltan Petrany, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 r.m., Houston, Tex. 

[DAHO STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

Iuuinois RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ili. Meets in the spring and fall. 

Inprana RoENTGEN Society, Inc. 

Secretary, Dr. Edwin F. Koch, fr., o1; University Ave., 
Muncie, Ind. 47303. Meets first Sunday in Mav and dur- 
ing fall meeting of Indiana State Medical Association. 

Iowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary-Treasorer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

KENTUCKY CHAPTER, AMERICAN COLLEGE or RADIOLOGY 
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Secretary -Treasurer, Dr. Ralph C, Quillin, 1221 S. Broad. 
way, Lexington, Ky. 40:04. Meets in April and Sep- 
tember. 

Kincs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook. 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNoxviLLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp RaptoLocicat Society 
Secretary, Dr. Samuel Gelband. Meets second Tuesday ot 
EE month in February, April, June, October and Decem- 

er. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Harvey I. Meyers, 2010 Wilshire Blvd., 
Los Angeles, Calif, goos7. Meets second Wednesday of 
month in September, November, January, April and 
June at Los Angeles County Medical Association Build. 
ing, Los Angeles, Calif. 

Louisrana-Texas Gurr Coast RADIOLOGICAL SOCIETY 
Secretary - Treasurer, Dr. Edward A. Sheldon, tog Doctors 
Bldg., Beaumont, Texas 77701. 

Maine RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine 04102. Meets in June, Sep- 
tember, December and April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

MEMPHIS RoENTGEN Society 
Secretary- Treasurer, Dr. Vernon lI. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos. 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 P.M. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupson RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 r.M., first Wednesday of each 
month, September to May. 

MILWAUKEE RoEeNTGEN Ray Society 
Secretary Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
in Monday, October through May, at University 

ub. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Peterson, 572 Lowry 
Medical Arts Bldg., St. Paul, Minn. Meets twice annu- 
ally, fall and winter. 

Mississipp1 RADIOLOGICAL SOCIETY 
Secretary - Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missouni RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold B. Rapp, Cape Girar- 
deau, Mo, 

Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 p.m. in Omaha or 
Lincoln. 

Nevapa RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam G. Arbonies, Department ot 
Radiology, St. Mary's Hospital, Reno, Nev. 

New EngLann Roentcen Ray Society 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass. 02153. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street, Brookline, Mass., at 4:30 P.M. 

New Hampsuire RogNTGEN Ray SOCIETY 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man. 
chester, N. H. Meets four to six times yearly. 
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New Mexico Association or RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Society oF RADIOLOGISTS M 
Secretary, Dr. Phil Fox, Albuquerque, New Mexico. Four 
meetings annually, three held in Albuquerque, N. M., 
and one held at time and place of New Mexico State 
Medical Society annual meeting. 

New York RoENTGEN SOCIETY 
Secretary, Dr. David H. Baker, Babtes Hospital, 3975 
Broadway, New York, N. Y. 10032. Meets monthly on 
third Monday at the New York Academy of Medicine at 
4139 F.M. Annual meeting to be announced. 

NORTH CAROLINA CHAPTER OF ACR. 

Secretary Treasurer, Dr. Ira Bell, Hickory, N. C, Annual 
meeting to be announced. 

Norra CaroLINA RADIOLOGICAL SOCIETY , 
Secretary, Dr. E, H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Norru Dakota RADIOLOGICAL SOCIETY | 
Secretary, Dr. A. Ohrt, 408 Medical Arts Bldg., Fargo, 
N. D. x8102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

Norru Fioripa RADIOLOGICAL SOCIETY a 
Secretary, Dr. Charles H. Newell, 800 Miarm Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NonTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Ivan D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 95816. Meets fourth Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 

NORTHWESTERN Ono RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onto State RADIOLOGICAL SOCIETY l 
Secretary, Dr. Robert D. Berkebile, Elyria Memorial 
Hospital, Elyria, Ohio 44035. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald F. Mauritson, 100 Utica Square 
Med. Center, Tulsa, Okla. 74114. Meets in January, 
May and October. 

ORANGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

Orecon RADIOLOGICAL SOCIETY l 
Secretary-Treasurer, Dr. Irving J. Horowitz, 2311 N.W. 
Northrup Str., Portland, Ore. 97210. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

OnLEANs Parisa RADIOLOGICAL SOCIETY ——— 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paeiric NortHwest RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Willis Taylor, 1118 9th Ave., 
Seattle, Washington. Annual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. T. Frederick Weiland, 619 Ridgeway 
Ave., Grove City, Pa. 16127. Annual meeting to be an- 
nounced. 

PHILADELPHIA RoENTGEN Ray SOCIETY 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
£4th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PittspurGH ROENTGEN SOCIETY 
Secretary, Dr. Edward R. Seitz, 601 Jenkins Bldg., Pitts- 
burgh, Pa. 15222. Meets second Wednesday of month, 
October through June, at Park Schenley Restaurant. 

RADIOLOGICAL SOCIETY or Connecticut, ÎNC, 

Secretary Treasurer. Dr. Henry J. Fox, 10 Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly. 

RADIOLOGICAL Society OF GREATER CINCINNATI 

Secretary-Treasurer, Dr. Donald E. Gunderson, 3553 
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Bayard Er., Cincinnati, Ohio 4:208. Meets first Monday 
of each month at Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY OF GREATER Kansas Crry 
Secretary, Dr. J. Stewart Whitmore, roro Rialto Bidg., 
Kansas Coty, Mo. Meets last Friday of each month. 

RapioLocicaL Society or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL Society oF LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave, 
New Orleans 15, La. Meets semiannually, during Loui- 
siana Stase Medical Socicty meeting and 6 months later. 

RADIOLOGICAL SOCIETY or New JERSEY 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. Meets in Atlantic City at time of 
State Medical Society meeting and in October or Novem. 
ber in Newark, N. J. 

RADIOLOGICAL Socigry or RHODE ÍSLAND 
Secretary-dreasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R, L 

RaproLocicaL Socrgrv or SovrH DAKOTA 
Secretary-Treasurer, Dr, Donald J. Peik, 303 S. Minne- 
sota Ave.. Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-l'reasurer, Dr. Robert G, Williams, The Santa 
Barbara Medical Clinic, P.O. Box 1200, Santa Barbara, 
Calif. 93122. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF New YORK 
Secretary -Jreasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester 18, N. Y. 

Repwoop Ewing RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicumMonp County RapioLocical SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hespitals. 

Rocuester Roentcen Ray Socigrv, RocuEgsrEn, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1423 Portland Ave., Rochester, N. Y. 14621. 
Meets at 3:15 p.m. on the last Monday of each month, 
September through May, at Strong Memorial Hospital. 

Rocxy Moentain RADIOLOGICAL SOCIETY 
Secretary-dreasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting, Brown 
Palace Hetel, Denver, Colo., Aug. 15-17, 1968. 

SAN AuNTON;O-MiLITARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, ]r., 730 Medical Arts 
Bidg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M. 

San DiEGO RADIOLOGICAL SOCIETY 
President-Secretary. Charles R. Henkelmann, 3909 Palm 
Drive, Bcnita, Calif. 92002. Meets first Wednesday of 
each mon h at the Town & Country Motel. 

San Franesco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. Joachim Burhenne, Children's Hospital 
and Adult Medical Center, 3700 California St., San Fran- 
cisco, Cal f. 94119. Meets quarterly at the San Francisco 
Medical Society, 2:0 Masonic Ave., San Francisco, 
Calif. 94118. 

Santa Ciara County RADIOLOGICAL SOCIETY 
Secretary, Dr. D. Brendan O'Donnell, 696 E. Santa 
Clara St., San Jose, Calif. 92112. Meets monthly at the 
Santa Clara County Medical Association Bldg., 700 
Empey Way, San Jose, Calif. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section ow Rapiotocy, MenicaL SocigTY or THE Dis. 
TRICT OF 'COLUMBIA 
Secretary Mreasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1:10 Southern Ave., S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 p.m. 

SgcrioN on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
Clinic, Fart Walton Beach, Fla. 32548. Annual meeting 
to be anrounced. 
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SecTION on RaproLoay, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RapioLoaicaL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SO Sautar, Dr John L. Ginn, Children’s Hospital, 46 

ecretary, Dr. Jo winn, 's ital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Jung Hotel, New Orleans, La., Sept. 30, 1968. 

SocigTY or NucLEAn MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N, Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting Chase-Park Plaza Hotel, St. Louis, Mo., 
June 27-30 1968. 

Sours Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
P if. 94025. Meets second Wednesday of each 
mon 

SOUTH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St. 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

is Lis Dae | Pee ass T 

" r. Donald J. Peik, 1417 S. Minnesota Ave. 
Sioux Falls S, Dak. Meets in spring sitk State Medical 
Society and in fall. 

ssa Set a a ees - 

ecretary- Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90502. Mets quarterely. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
meeting: Grand Hotel, Point Clear, Ala. 56504, Jan, 26- 
28, 1968. 

"rear, John. M. McGuire, po Chelsea, El P 
Se » Jo ; uire, 904 aso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

Pros TAARAT he eae A - aj 

ecretary- Treasurer, Dr. Marion E. Spurgeon, Memori 
Hosp. Clarksville, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association meet- 
1 


ng. 
T&Exas RADIOLOGICAL SOCIETY 
Serre Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
noun 
Tzi-SrATE RApDi0LOGICAL SociETY 
Se » Dr. John H. Marchand, Jr., Methodist Hos- 
ital, Henderson, Ky. Meets third Wednesday of Oct., 
an., March and May, 8:00 Pae, Elks Club in Evans. 
ville, Ind. 
Unrverstry or MICHIGAN DEPARTMENT or ROENTGEN- 
oLooy STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor Mich. 
Upper Preninscuta RADIOLOGICAL SoorETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 
a 7 eee Bes pa T TERT 
eerélary-i Treasurer, Dr. ja . Davis t e Uilnic, 
u South Ninth East, Salt Lake City, Utah 84102. 
eets fourth Wednesday in January, March, May, 
September and November at Holy Cross Hospital. 
Veruont RADIOLOGICAL SOCIETY 
Screw; Dr. John R. Williams, 160 Allen St., Rutland, 
t. 


Vixorea RanioLoarcaL Socrery 
Secretary Treasurer, Dr. K. Kenneth Wallace Jr., Nor- 
folk, Va. 

Wasuincton SrATE RapioLoaicaL SOCIETY 
Secre Dr. Owen Marten, 930 Terry Avenue, Seattle, 
Wash. Meets quarterly 

Um M deu QM W. V 

ecrelary, Ur. rge G. Green, Vio town . Va. 

Meets concurrently with Annual Meeting of West Vir- 
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ginia State Medical Society; other meetings arranged by 
program committee. 

WESTCHESTER CouNTY RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third 'Tuesday of January and 
October and on two other dates. 

WISCONSIN RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

Wyosane RAp-oLocicAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on cal: of President. 


Cuna, Mexico, Puerto Rico AND CENTRAL AMERICA 


Asociaci6n pz HRanióLogos DE CENTRO AMERICA Y 
PanamA, Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-Gereral, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SocizDAD DE RApioLoofa pg EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%. Calle A 0-05, Zona 1, 
Guatemala. 

SocieDaD DE RaproLooíA v FISIOTERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y k, Vedado, Habana, Cuba Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vm, 
San José, Costa Rica. 

Socitepap Mexicana px RaproLocfa, A.C. 

Coahuila No. 35, México 7, D. F. 
Se -Gereral, Dr. Ramón Ruenes. 
Meets first Monday of each month. 

AsociActóN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Diaz Bonnet, Suite 504, Professional 
Bidg., Santurce, Puerto Rico. 

Socrepab Rap-oLécica PANAMEÑA 
Secretary, D-. L. Arrieta Sánchez, Apartado No. 6323 
Paname, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SOCIEDAD :OLŐGICA DE Purrtro Rico 
Secretary, Dr. Felipe N. de 1s Apt. 9387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 p.m. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


Barusm COMMONWEALTH or NATIONS 


ASSOCIATION or RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

Bzrrisg Instrrure or RADIOLOGY 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, and, Meets monthly from October 
until May. Annual meeting to be announced, 

CANADIAN AssoctaTion or Puysicists, Division or 
MEpIcaL AND BioLooicAr Paysics. 

Honorary Secretery-Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont, Canada. Annual meeting to be announced. 

Epmuonron AND Disrxicr RADIOLOGICAL SOCIETY 
Secretary, J. D. R. Miller, M.B., University of Alberta 
Hospital, Edmonton, Alberta, Canada. Meets third 
Thursday of each month October to'May, except Decem- 
ber, at various Edmonton Hospitals. 

SA ose Bet T ee 

onorary Secretary, Dr. J, N. Pattinson, 47 Lincoln’s 
Fields, London, W.C.2, England. Annual meeting: 
London, England, June 21-22, 1968. 

Facutry or Rapro.togists, Rorat CoLLEGE or SURGEONS 
IN IRELAND 
Registrar, Dr. H. O'Fl F.R.C.P.I., D.P.H., 123 
Se Stephens Green, Dublin a, inland: 

Szcriow or RADroLoaY or THE Roya Socrery or Mxpr- 
CINE (Cowrrwzp ro MepicAL MEMBERS 
Meets third Friday each month at 4:45 P.M. at the Royal 
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Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 

CANADIAN ÁssOCIATION or RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary. Secretary-Treasurer, Dr. F. Robert 
MacDonald, 1555 Summerhill Ave., Montreal 25, Que., 
Canada. Thirty-first Annual Meeting, Chateau Fron- 
tenac, Quebec, Que., March 4-9, 1968. 

Montreat RaDioLOGICAL Stupy CLuB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SECTION OF RapioLtocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SOCIETE CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, £415 Boul. 
L'Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. Annual meeting 
to be announced. 

TonoNro RapioLocicat Sociery 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADi0LOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional! de Centenario, Santa Fe 1300, Rosario. 

Cor£cio BnasiLEIRO DE RADtOLOGIA 
Secretary-General, Dr. Miguel Maric Céntola, Caixa 
Postal 5984, São Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary-General, Dr, Jorge Enrique Barragué, Azeuénaga 
888, Buenos Aires. Meetings are held monthly. 

SocigDAD Bouiviana DE RaproLocíA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La Paz, 
Bolivia. Meets monthly. General assembly once every 
two years, 

SOCIEDADE BnasiLEIRA DE RADIOLOGIA 
secretary, Dr. Armando Rocha Amoédo, Cxa Postal 1532, 
Rio de Janeiro, Brazil. General Assembly meets every 
two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, Sao Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in Sáo Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SociEDAD CHILENA DE RabiotocíA 
Secretary, Dr. Manuel Concha, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. £804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SociEDAD Ecuatoriana DE RaptoLocíA v Frstorerapfa 
Secretary, Dr. Carlos Palau, Av. Bogotá 206, Guayaquil, 
Ecuador. 

SoctEDAD ParaGuaya DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 1; de Agosto 
322, Asunción, Paraguay. 

SocigDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladys del Pino, Instituto. de 
Radiología "Cayetano Heredia" Hospital Arzobispo 
Loayza, Lima, Perú. Meets monthly except during Janu- 
ary, February and March. 

SOCIEDAD DE RADIOLOGICA DEL ÁTLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 £41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiología. 

SOCIEDAD DE RapioLocía, 
MbpiCA DEL URUGUAY 


CaANCEROLOGÍA Y Fisica 
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Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1 464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Facwdade de Medicina da Universidade do Recife, 
Caixa Pestal sos, Pernambuco, Brazil. 

SOCIEDAD DE RoENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Gri. 
Paz. 1 c1, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Luis F, Muro, Apartado No. 9362 
Candelaria, Caracas, Venezuela. Meets monthly, third 
Friday at Colegio Médico del Distrito Federal, Caracas, 


CONTINENTAL Evrope 


ÜsrEnREICHIsCHE RÓNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse Io, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 

SociETE BeLGe pe RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December, 

SociÉTÉ EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 1 se, France, 
General Secretary, Dr. H. Ludin, Department of Roent. 
genology, Basler Kinderspital, Basel, Switzerland, An- 
nual meeting to be announced, 

SociÉTÉ Francaise p’ELEcTRORADIOLOGIE MEDICALE, 
and its branches: Soctéré pu Sup-Oussr, pu LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L'OvEsT, DE L'EST, ET D'AtLGER ET D'AFRIQUE 
pv Non». Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru Paris 85, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST PRO ROENTGENOLOGII A 
Rapio.oci 
Secretary, Dr. Robert Poch, Praha 12, Srobárova SQ, 
Czechoslovakia. Meets monthly except during July, 
August und September, Annual general meeting. 

DEUTSCHE RóNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitats. 
Rontgemnstitut, Lagenbeckstr. 1, Mainz, Germany. 

SociETÀ IzaLIANA DI RAproLocta MEDICA E DI MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, italy. Meets annually. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. C. B, A. J. Puijfaert, Prof, Dondersstraat 
73, Tilburg, Netherlands. 

ScaNDINAVIAN RapiotocicAL SOCIETY 
Secretary-General, Dr. C-E. Unnérus, Hagalund-Tapiola, 
Havsvindsvágen < C., Finland. Annual meeting: Copen. 
hagen, Denmark, 1968. 

Sociepap EsraNoLA pe RapioLoofa v ELrcrROLOGÍA 
Mepicas v Mepicina NUCLEAR 
Secretary, Juan Gomez Lopez, Villanueva, 11, Madrid 1. 
Meets every second Friday of each month, Oct. to June, 
inclusive, in Madrid. Annual general meeting to be 
announced. 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉrÉ Suisse pg RADIOLOGIE ET 
pe MÉDECINE NUCLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 
ASIA 

Inpian RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road. Bombay 1, India. 

Inponesian RaDi0LOGICAL SoctETY 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
I Diakarta, Indonesia 

Iranian RaptoLocicAL SocigTY 
Secretary, Dr. Issa Yaghmai, P.O, Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur. 
day of each month. 
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GENITOURINARY SYSTEM 
Hopee, K. E. Combined synchronous voiding 


ciné-cystourethrography and cystometry in 
the investigation of vesicoureteral reflux in 
children. Y. Canad. A. Radiologists, June, 


* 


1967, 79, 342—348. (From: Henderson Gen- 
eral Hospital, Hamilton, Ontario, Canada.) 


Vesicoureteral reflux is abnormal and there is 
general agreement that there is a direct re ationship 
between it and pyelonephritis. Reflux may vary in 
amount, in its effect upon the upper urinary tract, 
and in the bladder pressure at which it occurs. The 
lower the bladder pressure required to produce re- 
flux, the more apt one is to have in fected urine de- 
livered back to the kidneys. The author concludes 
that it is necessary to know whether reflux occurs at 
high or low pressures as well as to be able to show its 
appearance on roentgenograms. He has devised a 
simple method which is useful in determining the 
bladder pressure at which reflux occurs and at the 
same time demonstrating the actual reflux. His 
method does not consider bladder neck outlet prob- 
lems. He believes that bladder volume and voiding 
pressure are relatively independent. 

The equipment necessary for the procedure is 
illustrated and tabulated and it is readily available 
in most hospitals. It is necessary to have fluoroscopy 
with image intensifier and the author believes that 
the average radiologist can carry out these exami- 
nations without any particular assistance. 

Two small catheters are inserted through the 
urethra into the urinary bladder and all urine Is 
aspirated. The free ends of the catheters are taped to 
the thighs and are connected to a sterile disposable 
manometer tubing which is taped to a go cm. grad- 
uated ruler, and to the infusion bottle which is filled 
with goo cc. of 30 per cent cvstokon. The infusion 
bottle is equipped with a sphygmomanometer bulb 
and air is pumped into the bottle until a steady 
stream rather than a drip is passing through the 
tubing into the urinary bladder. The bladder can be 
filled at the rate of approximately 110 to 120 cc. per 
minute. This is observed under fluoroscopic control, 
Bladder filling is continued until the patient voids 
around the catheters. Filling and emptying of the 
bladder are observed f uoroscopically and roentgen- 
ograms and cine roentgenograms may be taken. The 
manometer pressure is recorded at the time reflux 
occurs. The pressure is usually noted by a technician 
who is watching. The pressure at the commencement 
of voiding and at the peak in bladder pressures dur- 
ing voiding are also noted. 

The assumption is made that the lower the pres- 
sure at which reflux occurs, the more severe is the 
damage to the vesicoureteral junction likely to be. 
Low pressure is that pressure which norm ally exists 
in the urinary bladder. If reflux occurs at this pres- 
sure it is likely to be occurring often and reintroduc. 
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ing infected urine into the upper urinary tracts con- 
stantlv. The author has arbitrarily divided reflux 
pressures into low pressure groups up to 30 cm. of 
water, intermediate pressure group refluxing at 3o 
to ṣọ cm. of water and high pressure group refluxing 
at above 5c cm. water level. Classification of reflux 
into high and low pressure groups accompanied with 
the roentgenographic appearance of the upper uri- 
nary tracts is an excellent guide to treatment of 
urinary tract infections in childhood. 

This article is well illustrated and should be given 
careful consideration by all radiologists doing anv 


volume of urologic radiology.-Richard E. Kinzer, 
M.D. 
LAUBENBERGER, Tu., and JAHNEcKE, J. The 


percutaneous renal biopsy under radiological 
control. German Med. M onthly, May, 1967, 
72, 206-208. (Address: Dr. Th. Laubenber. 
ger, Universitats-Strahleninstitut, Homburg 
“Saar, Germany.) 


During the end phase of the infusion of a large 
volume of diluted intravenous contrast medium, 
maximum nephrographic effect allows good fluoro- 
scopic visualization of the kidneys under image in- 
tensification, With the patient prone and the abdo- 
men compressed, an exploring needle is first inserted 
to measure the depth of the kidney. A Franklin. 
Silverman needle is then inserted for the renal biopsy, 

While blind biopsy is successful in about 80 per 
cent of attempts, this method under visual control 
was successful in all but 1 of 97 attempts; adequate 
tissue was obtained so that no repeat biopsy was 
necessary. The contrast material did not impair his- 
tologic examination. 

The usual risks and complications of renal biopsy 
still exist, but because of the more precise introduc- 
tion of the needle into the lower pole and the renal 
hilus, where the larger blood vessels and renal pelvis 
are located, they can be avoided.—Mar£ D. Reiss, 


M.D. 





NERVOUS SYSTEM 


ane 


Gros, CH., WACKENHEIM, A., and Vnovsos, C, 
La thermographie dans les affections du 
système nerveux. (Thermography in diseases 
of the nervous system.) J. de radial., g élec- 
trol. et de méd nucléaire, Jan.— Feb., 1967, 28, 
45747. (From: Chaire d Electroradiologie, 
C. H. U. de Strasbourg, France.) 


In neurologic and neurosurgical pathology, many 
diseases show circulatory and neurotrophic dis- 
turbances influencing the distribution of thermic 
energy. Thermographic studies were cartied out on 
50 patients. 

In thrombosis of the internal carotid arterv, the 
authors were able to demonstrate the cold supra. 
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orbital zone described by Heinz ef al. and by Wood. 
The revascularization phase can also be appreciated. 

In a case of bilateral carotido-cavernous fistula, 
the authors were able to follow the postoperative 
thermic evolution, and also to assess before and after 
operation the effect of carotid compression on Ipsi- 
and contralateral side. 

Ín cases of medullary compression or syndrome of 
medullary section, sensory levels exhibit a discrete 
thermic demarcation line, which is more marked on 
the dorsal side. In the syndrome of denervation by 
a peripheral nervous lesion, a cold area is manifest 
in the corresponding peripheral territory, as for 
instance in Charcot's disease, Friedreich's disease, 
and section of a neural trunk. 

In the neurovegetative disorders produced by iie 
ritation or paralysis of the sympathetic system, 
thermography can objectivate the cold zone in the 
involved territory. 

All neurologic diseases accompanied by increased 
vascularity exhibit hyperthermia. Over the skull, the 
presence of hair prohibits use of thermography. How- 
ever, frontal lesions (fronto-orbital meningioma, 
glomic tumors) may be revealed as a hyperthermic 
area.~H. P. Lézesque, M.D. 


Oserson, R., and Campicue, R. Etude radio- 
isotopique de la perméabilité des espaces 
sous-arachnoidiens périmédullaires, la myélo- 
scintigraphie. (Radioisotopic study of the 
permeability of the perimedullary subarach- 
noid spaces: myeloscintigraphy.) Radiol. 
clin. et biol., 1966, 35, 208-218. (From: Insti- 
tut de Radiologie and Départment de Neuro- 
chirurgie de PHôpital Cantonal Universi- 
taire de Lausanne, Switzerland.) 


The term myeloscintigraphy is incorrect in the 
sense of a direct demonstration of the medulla; in 
this regard, it cannot be compared to a cerebral 
scintigraphy (y-encephalography). It is the explora- 
tion of the perimedullary subarachnoid spaces after 
injection of a radio-element. The permeability of the 
surrounding meningeal spaces can be ascertained as 
with the positive contrast myelography and a con- 
trasted picture of the subarachnoid spaces may be 
obtained by the scintigraphy. 

Technique. There is no particular preparation. To 
avoid subsequent irradiation of the thyroid gland, its 
affinity for iodine must be blocked by oral adminis- 
tration of a ¢ per cent Lugol's solution (15 drops 3 
times a day during 6 days). By lumbar puncture, ex- 
ceptionally by occipital approach, 200 microcuries 
of radioiodinated human serum albumin are injected 
into the arachnoid spaces. The patient lies in de- 
cubitus position. The first scintigram is obtained 3 
to & hours after the injection, with the patient in 
procubitus. The scanning is carried out with con- 
ventional equipment in the horizontal plane as close 
as possible to the spinous processes. 
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In general, the spontaneous diffusion of the radio- 
isotope in the spaces surrounding the medulla gives 
a rather homogeneous contrast from the caudad ex- 
tremity to the great cistern. Sometimes, for an un- 
known reason, the diffusion is slower; in this case, 
the patient can be placed in Trendelenburg position 
(10° to 20°) for 30 to 6o minutes to obtain the desired 
diffusion. 

Results, Thirty-nine cases were investigated with 
this diagnostic method over a period of 10 months. 
Side-effects were rare and minor; e.g. transient 
headaches and fever. In 14 cases, the exact locs liza- 
tion of an obstacle or a malformation was corrobo- 
ated by contrast myelography and operation in 7 
cases, and by contrast myelography alone in 4 cases. 
The 3 other cases were verified by follow-up. Two 
false positive cases were also noted: 1 could be ex- 
plained by an exaggerated kyphosis at the cervico- 
thoracic junction and the other by a subdural injec- 
tion. Twenty-one cases proved to be negative and 2 
false negative cases were also encountered. In : of 
the latter, a Ewing’s tumor invading the sacral canal 
was not demonstrated even by contrast myelography 
and in the other, a small tumor of a sacral root was 
barely visible on contrast myelography. 

The lesion site indicated by myeloscintigraphy is 
lower by 1 or 2 vertebrae compared to the exact 
level observed at operation. The nature of the ob- 
stacle to the diffusion of the radioisotope can rarely 
be determined. Arachnoiditis produces no typical 
picture; it can, however, be suspected when abnor- 
mal diffusion of the radioisotope is noted; e.g., slow 
circulation, weak and heterogenous distribution over 
a long segment of the meningeal cuff, The intra- or 
extradural location of a compression cannot be 
determined by myeloscintigraphy, and small-sized 
lesions cannot be detected. The dynamics, as ob- 
served with fluoroscopic examination, are lacking. 

In conclusion, mveloscintigraphy does not replace 
sacculo-radiculography for the demonstration of 
lumbar disks, or positive contrast myelography for 
evaluation of the site of a lesion in relation to the 
dura mater, or to reveal a cirsoid aneurysm. More- 
over, it cannot show medullar atrophy as a gazeous 
myelogram does. However, mveloscintigraphy 
proves to be a useful screening examination on ac- 
count of its painless and easy execution and of its 
innocuity (total resorption of the radioisotope within 
24 to 48 hours). It also proves useful for controlling 
the permeability of the arachnoid spaces during the 
course of radiotherapy, the differential diagnosis of 
arachnoiditis, and when the injection of poorly ab- 
sorbable material or a long and troublesome exami- 
nation with air should be avoided. —H. P. Lécesque, 


M.D. 


Wout, D. G., Lamon, C. B., CAWLEY, A. ]., 
and Worrzman, G. The neurotoxic effect of 
water soluble contrast media in the spinal 
canal with emphasis on appropriate manage- 


A2 
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The clinical courses of 4 patients in whom water 
soluble contrast medium was inadverten tly injected 
intraspinally and of 1 case with intracranial injection 
are reported. The reaction began immed lately in 4 
cases but was delayed for 2 hours in 1 case. NTuscle 
spasms going on to generalized convulsions occurred 
in all the patients. Hypotension and hyperthermia 
were not uniformly present. Death occurred in 1 
case. 

The treatment is described in detail, consisting of 
general anesthesia, tracheal intubation, artificial and 
mechanical respiration and the use of curare. Di. 
lantin and luminal were given to reduce excitability 
but were not effective in preventing or controlling 
convulsions. Metaraminal was ad ministered for 
treating hypotension. Hydrocortisone was used 
routinely but the authors do not believe that it had 
any dramatic effect. They point out that spinal 
puncture with drainage of large amounts of spinal 
fuid has been recommended by others but they did 
not employ this technique. 

The authors carried out experiments on dogs and 
the results are presented in tabular form. They con- 
clude from the experiments that the reaction Is im- 
mediate and drastic. They also found that toxicity 
could be reduced by as much as 860 per cent with 
pentobarbital sodium anesthesia. 

This article is recommended for those persons 
doing diskography, direct puncture vertebral arteri- 
ography and other procedures where the accidental 
spill of water soluble contrast medium into the 
spinal canal or intracranial area is a possibility — 
Everett H. Johnston, M.D. 


SKELETAL SysTEM 


CHATELAIN, A., and Mom LLON, P. (Dole, 
l'rance.) Un syndrome d'acro-ostéolvse d'ori- 
gine professionnelle et de constatation nou. 
velle en France. (A syndrome of acro. 
osteolysis of occupational origin and its re- 
cent observation in France.) Y. de radiol., 
d'électrol. et de méd, nuctéatre, May, 1967, 48, 
2T TSSSQL 


Five cases of acro-osteolvsis of the bones of the 
fingers were observed among 441 workers in a poly- 
vinyl chloride factory. 

One hundred and three of the 441 workers were 
directly engaged in cleansing the autoclaves used in 
polymerization of the vinyl chloride. Fourteen 
workers in this group presented a clinical syndrome 
suggesting Raynaud’s dis case, but without radio. 
logic evidence of bone changes. Five other workers, 
presented radiologic evidence of bone destruction 
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involving the distal phalanges of the 2nd, 3rd, and 
4th finger. of both hands. The toes were not invol ved. 

The clinical symptoms experienced by these pa- 
tients were primarily those of pain in the involved 
fingers ancl an increased sensitivity to cold. There 
was no evidence of any skin changes, thinning or 
narrowing of the fingers, or of gangrene. 

Routine blood studies failed to reveal an y abnor- 
mal findings. 

The raciologically demonstrable bone destruction 
or acro-osteolysis, occurred in one of the following 
patterns: 

1. Disselution of the extreme distal end of the 

term nal phalanges. 

2. Transverse bands of bone dissolution th rough 

the cistal half of the terminal phalanges, ex- 

clusive of the tips. 

3. Loca ied discrete areas of bone destruction, 
withm the phalanges, without surrounding re- 
active bone changes. 


These fndings which occurred in $ out of 103 
workers studied in the series present an incidence of 
slightly below $ per cent which is considered to be 
quite high. This calls for measures to improve the 
techniques and working conditions so as to reduce or 
eliminate this occupational hazard. Furthermore, the 
question is raised as to whether the I4 patients with 
à clinical syndrome simulating Ravnaud's disease, 
but without obvious bone lesions, would not event- 
ually develop such changes if followed up over a 
period of time. 

These are the first such cases observed in France, 
and reported in the French literature. Thev bear a 
resemblance to those reported in the American liter. 
ature (Ashe, W. F., 1962 and 1 964) among workers in 
Uranium mines, those working with pneumatic drills 
or carbon oxide. 

Reproductions of 6 roen tgenograms accompany 
this articla—Wiivam H. Shehadt, M.D, 


Detanayr, RP. Lace ENT, Henri, and 
Massovpre, ANDRÉE. Les aspects radio- 
logiques de l'hvdatidose osseuse: à propos de 
4 observations personnelles, (The radiologic 
aspects of osseous hydatidosis: report of 4 
personel observations.) Y. de radiol., d'élec- 
trol. et de méd. nucléaire, May, 1 967, 45, 2690- 
276. (From: Service d'Electro ‘adiologie de 
lH.M.. Dominique-Larre y, 79-Versatlles, 
France.) 


The authors present a com prehensive review of the 
lite cycle o£ the Eechinococcus tape worm, and of the 
method of spread of hydatid disease. 

The parasite, the Eechinococens granulosus, a 
cestode, measures 5-8 mm. in length and usually 
lives in the intestines of the dog, less commonly the 
wolf and ‘ox. These serve as intermediary hosts 
while the saeep, less often the cattle, pig, goat, horse 
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and camel, are the definitive hosts. Man is an acci- 
dental host. 

Infestation occurs through contamination from 
the feces of these animals. 

The disease occurs most frequently in South East 
Europe, North Africa, South America, Australia 
and the Near East. With increasingly human travel 
and migration the disease may be seen in countries 
where it would be least expected and unless its pres- 
ence is suspected, the diagnosis may be completely 
missed. 

The most frequent organs involved are the liver, 
the lungs and the kidneys. Bone involvement ts rare. 

In its natural evolution the hydatid cyst develops 
a well defined outer membrane sharply separating it 
from the host organ. Hydatid disease of bone, how- 
ever, is not circumscribed and the lesion is not en- 
cysted, since a definite outer membrane is not 
formed. 

The radiologic appearance is that of an osteolytic 
bone lesion, with varying degrees of irregular infil- 
tration, often with extensive rarefaction. These 
changes are striking but their appearance ts neither 
characteristic nor diagnostic. They are usually dis- 
covered late in the course of the disease. 

The bone changes are irregular and varied pre- 
senting the appearance of a malignant lesion. There 
is irregular, usually extensive, bone destruction, 
often multilocular, while an loculi lesions are rare. 
There are no reactive bone changes and no sponta- 
neous healing of the lesion occurs. 

Hydatid disease involves and extends through the 
medulla, with resultant thinning of the cortex and 
eventually a pathologic fracture with extension into 
the surrounding soft tissues. The epiphyseal carti- 
lages remain intact, but may be detached and dis- 
placed, while the adjacent joints are directly invaded 
by the disease, 

Secondary infection may occur with resultant 
bone reaction and condensing osteitis, and a so-called 
ossifying hydatid abscess may develop. When the 
spine is involved there is accompanying cord com- 
pression and nerve root involvement. 

Clinical laboratory studies are not helpful. While 
eosinophilia and a positive Cassoni test are diagnos- 
tic when hvdatid disease involves other areas of the 
bodv, in bone localization of the disease they are 
often negative. 

A high index of suspicion, a careful history, and 
the presence of secondary deposits in the lungs, as 
observed on routine chest roentgenograms are help- 
ful in arriving at a diagnosis. A bone biopsy is usu- 
ally positive. 

The authors report on 4 male patients, between 
the ages of 21 and 42 years: 2 patients with involve- 
ment of the right humerus and 2 patients with in- 
volvement of the right and left halves of the bony 
pelvis, respectively. 

The frst patient presented an irregular extensive 
multilocular lesion involving two-thirds of the shaft 
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of the humerus, a pathologic fracture, soft tissue in- 
vasion and a fistula in the soft tissues. A positive 
diagnosis was made following examination of the 
discharge from the fistula. 

The second patient complained of pain in the right 
arm, presented a well defined eccentric slightly locu- 
lated lesion in the mid shaft of the humerus,*a cir- 
cumscribed left parahilar mass, and slightly elevated 
right diaphragm. At operation a multilocular cystic 
lesion was found in the shaft'of the humerus, without 
a characteristic limiting membrane. The lesion was 
curetted and a bone graft made, with eventual good 
healing, 

The third patient complained of pain in the left 
hip, difficulty in walking and recent onset of dysuria. 
A radiologic examination revealed an extensive mul. 
tilocular lesion involving the greater portion of the 
left iliac bone, the left hip and the left sacroiliac 
joints, and a soft tissue pelvic mass at the level of the 
left acetabulum. Surgical exploration confirmed the 
radiologic appearance of extensive bone destruction, 
cavitation, soft tissue Invasion, and the presence of 
multiple daughter cysts and hydatid fluid. 

The fourth patient, who was suffering from acute 
right renal colic, presented on the plain roentgeno- 
gram an irregular well defined septated bone defect 
involving the greater r portion of the right iliac bone. 
Excepting for a positive Cassoni test, all clinical 
laboratory examinations were negative. The ap- 
pearance of the lesion in the right iliac bone remained 
unchanged over a 2 year period, but because of in- 
creasing pain an operation was performed which 
revealed the presence of extensive bone destruction 
and cavitation with innumerable cysts bathed in a 
bloody fluid. The postoperative course was unevent- 
ful. 

A high index of suspicion is essential in trying to 
establish the diagnosis of hydatid disease of bone; 
clinical laboratory tests are usually negative or non- 
contributory (a positive Cassoni test was obtained 
on the fourth patient), while surgical exploration 
offers the key to a positive diagnosis, relief of the pa- 
tient's symptoms and cure of the local lesion. 

The diagrams and reproductions of 6 roentgeno- 
grams illustrate this interesting article- illiam H. 
Shehadt, M.D. 


SEVASTIKOGLOU, J. A., and Eriksson, I. 
Familial infantile osteochondrosis deformans 
tibiae; idiopathic tibia vara: a case report. 
Acta orthop. scandinav., 1967, 38, 81-87. 
(From: Department of Orthopaedic Surgery, 
University Hospital, Uppsala, Sweden.) 
The authors review briefly the history and theo- 

ries of pathogenesis of idiopathic tibia vera—a de- 

formity apparently secondary to a disturbance of 
growth and maturation of the medial part of the 

proximal epiphyseal cartilage. They then report 4 

cases in the same sibship. 
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The patients included identical twin males, age 7 
years at diagnosis; sister, age 12 years; and brother, 
age 10 years. The latter had only roentgenologic 
evidence of the deformity. 

The authors present reproductions of plain roent- 
genograms of the knees in each patient as well as of 
the arthrograms of the twins. Although the arthrog- 
raphy disclosed almost normal conditions, the 
plain roentgenograms in each case showed the typi- 
cal splaying out of the medial femoral condyle in a 
beak-hke fashion with typical irregularity of the 
ossification in this portion of the metaphysis. 

The authors feel that these cases indicate that this 
localized growth disturbance is under genetic con- 
trol. They present a pedigree which suggests a re- 
cessive inheritance, but state that until further pedi- 
gree data have been collected, no reliable conclusions 
regarding the mode of transmission can be drawn.— 


Donald Hawes, M.D. 


Recunacet, K. Megalodactylism: report of 
seven cases. Acta orthop. scandinav., 1967, 36, 
57-66. (From: Department of Hand Surgery, 
Orthopaedic Hospital, Copenhagen, Den. 
mark.) 


In this well illustrated article, the author describes 
the rare disease of megalodactylism which consists of 
grotesque overgrowth of one or more fingers or toes. 

In the 7 cases reported, the overgrowth was pres- 
ent at birth and increased during childhood. The 
overgrowth usually stops at puberty but can pro- 
gress into adulthood. 

The abnormal growth comprises all tissues, bones 
as well as soft tissues, and always appears to be 
assoclated with considerable thickening or even 
tumor formation of the median or ulnar nerve and 
their branches. As a rule only one or a few fingers are 
affected while the others are entirely normal. 

The etiology of the disease is unknown. There are 
no prophylactic measures. No hereditary features 
were demonstrated. The microscopic appearances 
are uncharacteristic. 

Of the 7 cases reported, 6 had involvement of the 
fingers, with the index finger being affected in all 6, 
the long finger in 4, the thumb in 2, and the ring 
finger only in 1 case. The little finger was not af- 
fected in any case. In the seventh case there was 
involvement of the second and third toes of the 
right foot. Three cases were females and 4 males. In 
all the involvement was unilateral. 

In summary, megalodactylism is a rare disease 
which consists of local giant growth affecting one or 
more fingers or toes comprising all tissues and often 
associated with considerable thickening of the 
nerves supplying the area. The etiology is unknewn 
and the histologic appearances are uncharacteristic. 
Malignant changes have not been observed. The 
treatment is restricted to plastic operation, epiphys- 
iodesis, and amputations.—M. 4. Cortese, M.D. 
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Takeucri, Masao. Rubinstein’s 


January, 1968 


syndrome in 
two siblings. Gunma F. M. Sc., March, 1966, 
75, 17-22. (From: Department of Pediatrics, 
School of Medicine, Gunma University, 
Maebashi, Japan.) 


Rubinstein's syndrome is a rare condition first 
described in 1963. It consists of children with broad 
thumbs and toes, peculiar facies and mental retarda- 
tion. 

The author presents the first occurrence of this 
syndrome in siblings. The proband was a 2} year 
old Japanese boy who was extensively studied. His 
elder brother, who had died at the age of 2 of bron- 
chopneumonia, was studied from hospital records. 

The father of the patient had short broad fingers 
and toes. He had a normal sister, but 3 paternal 
uncles were mentally retarded. His mother was nor- 
mal and had had a normal pregnancy. From birth he 
evidenced poor motor and mental development. His 
hands were short and wide, the thumbs abnormally 
wide, and he was unable to appose the fingers. The 
fore-fingers deviated away from the thumbs, the 
nails were flat and short. The feet were wide with 
short second toes and widened fan-shaped first toes. 
His head was small for his height and weight with a 
narrow prominent forehead. The hard palate had a 
high arch. Studies of the blood and urine were nor- 
mal. Roentgenographic examination revealed pos- 
terior flattening of the skull. The carpal ossification 
centers were small in size for his age, and osseous 
development was considered poor. 

The patient’s older brother had had intermittent 
icterus fram the time of birth until his death. He too 
had a mongolism-like countenance, motor dysfunc- 
tion, and exhibited the same anomaly of the fingers 
and toes and was mentally retarded. 

The etiology of Rubinstein's syndrome is un- 
known, but it seems quite likely that this is an hered- 
itary disease. This trait was demonstrated in this and 
the original report of this syndrome.-S. 4. Kauf- 
man, M.D, 


BLOOD AND LYMPH SYSTEM 


CLARKE, C. P., Branpor, P. W. T., Core, D. S., 
and Barrart-Boves, B. G. Traumatic rup- 
ture of the thoracic aorta: diagnosis and 
treatment. Bri J. Surg, May, 1967, 54, 
35373 %. (From: Cardiothoracic Surgical 
Unit, Green Lane Hospital, Auckland, New 
Zealand.) 





Traumatic rupture of the thoracic aorta occurs as 
a complication of chest injury, and is particularly 
associated with injuries resulting from sudden decel- 
eration, generally involving the descending aorta 
just beyond the origin of the left subclavian artery. 
While such a rupture is usually fatal, approximately 
ig per cent of individuals develop a traumatic 
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aneurysm at the site of the rupture and may live a 
varying period of time before complete rupture oc- 
curs. Since the initial report by Dshanelidze (1923) 
of a successful repair of traumatic injury of the 
thoracic aorta, several series have been reported and 


the authors present their experience with $ cases of 


traumatic aneurysm of the descending thoracic aorta. 

Roentgenography of the chest always demon- 
strates widening of the mediastinum and sometimes 
an associated pleural effusion. This widening may 
resolve to reveal a localized aortic bulge or may 
rarely apparently return to normal. Aortography 
is mandatory both to confirm the diagnosis and to 
ascertain the site of rupture. 

A normal aortogram would suggest that the me- 
diastinal widening was due to bleeding from a vein 
or small artery and would present an unnecessary 
thoracotomy. Operation without aortography may 
result in missing the lesion or overlooking a second 
rupture. Since most ruptures occur beyond the origin 
of the left subclavian artery, an upper limb vessel 
should be used where possible. In cases in which 
retrograde aortography is not possible, venous 
aortography may allow diagnosis but will result in 
poor quality of films. Puncture of the atrial septum, 
which is theoretically a logical approach, might be 
considered. 

Chronic aneurysms are most often detected 
mediastinal masses sometimes calcified on routine 
chest roentgenograms and the differential diagnosis 
from other causes of aneurysm depends on the his- 
tory of deceleration injury, the site of the aneurysm, 
the age of the patient and the absence of other 
causes such as syphilis or Marfan's trait. 

Acute aneurysms are treacherous and the major- 
ity rupture within 3 weeks. However, patients with 
chronic aneurysm, having survived this initial 
dangerous period before detection, have a relatively 
good prognosis. Nevertheless, any false aneurysm is 
liable to late enlargement and rupture. 

The surgical technique for repair of the aneuryms, 
utilizing a bypass technique, is described. ames R. 
Knapp, M.D. 


Fontaine, J. L. Prérri, J., and Basın, S. De 
l'utilité de l'angiographie sélective d'urgence 
pour le diagnostic des hémopéritoines; à 
propos d'un cas de rupture dramatique de 
l'artére splénique dans une poche de pseudo- 


kyste nécrotique du pancréas. (Usefulness of 


emergency selective angiography in diagnos- 
ing peritoneal hemorrhages: report of a case 
of dramatic rupture of the splenic artery into 
a pocket of a necrotic pseudocyst of the pan- 
creas.) Presse méd., March 18, 1967, 75, 655~ 
658. (From: Clinique chirurgicale A, C. H. U., 
1, place de PHôpital F-67-Strasbourg, 
France.) 
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The case reported in detail points out dramatically 
the i importance of selective angiography in the diag- 
nosis of the site of peritoneal hemorrhage, thereby 
enabling the proper surgical approach and save the 
lite of the patient. Retrograde angiography per- 
formed after a futile abdominal surgery for suspected 
aortic aneurvsm, with patient in shock, revealed a 
hemorrhage pocket in the region of the spleen in the 
arterial phase and another larger peritoneal pocket 
medially and superiorly in the venous phase. Im- 
mediate ligation of the splenic artery proximal to 
the site of the rupture (which was caused by a pseu- 
docyst of the body of pancreas) with removal of the 
spleen and partial pancreatectomy was performed. 

This accurate and life saving roentgenographic 
procedure was not devoid of danger. In fact within 
a few hours an emergency angioplasty of the right 
femoral artery was necessitated because an athero- 
matous plaque (having been dislodged probably by 
the catheter of the retrograde angiography) had ob- 
structed the artery. 

The authors cite from the American literature 7 
deaths and 81 serious complications in 11,402 retro- 
grade arteriographies reported. Their experience in- 
cludes § sericus complications in 600 arteriographies 
(1 of which was this case) but with no mortality. 
Hence, they advise to abstain from retrograde an- 
giography in cases with proven peripheral athero- 
sclerosis (except in such a case as this one, where even 
though atherosclerosis was strongly suggested, vet 
the emergency state dictated the procedure).— 
Jirair N. Sarian, M.D, 


Rirrer, MERRILL A., Jacoss, BERNARD S., 
Ecker, Marcom L., and Paver, ALAN. 
Varix involving the tibia: a case report: F. 
Bone & Foint Surg., June, 1967, 494, 741- 
744. (Address: Dr. Merrill A, Ritter, 638 
East 7oth Street, New York, N. Y. 10021.) 


A case of transcortical varix of the anterior aspect 
of the tibia is reported. There were no generalized 
varices and the lesion, which was painful and tender, 
developed following local trauma to the area. 

A fluctuant mass which was not pulsatile and 
which could be obliterated by compression was pres- 
ent on the anterior tibia. Roentgenographic exam- 
ination revealed a radiolucency through the cortex, 
without periosteal reaction or cortical thickening. 
Venous blood was aspirated, and contrast material 
injected. This revealed a large subcutaneous vari- 
cosity communicating through the cortical defect 
by one large and several smaller channels with the 
intramedullary system. En bloc excision was per- 
formed. Microscopically, multiple endothelium lined 
vessels filled with blood were seen. There was a very 
delicate supporting stroma. Some bone resorption 
was noted. 

Studies of the vascular anatomy of the tibia have 
disclosed large tubelike transcortical vessels com- 
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posed solely of endothelium. It is possible that under 
the influence of local trauma these veins may enlarge 
and develop into varices.—Mark D. Reiss, M.D. 


TiNGuELY, H., Borr, P., and WrrrsrEIN, P. 
Association. phéochromocytome-hyperplasie 
fibro-musculaire: coincidence ou entité noso- 
logique; rapport d'un cas. (Association of 
pheochromocytoma and fibro-muscular hy- 
perplasia: coincidence or nosologic entity: 
report of a case.) Radiol. clin et biol., 1966, 
35, 311-315. (From: Institut de radiologie 
and Institut de cardiologie, Hópital cantonal 
universitaire, Genève, Switzerland.) 

The authors report a case of pheocrhomocytoma 


diagnosed and localized by retrograde (femoral) an- 
giography. A vascularized round tumor of about 5 
cm. in diameter was noted immediately above the 
upper pole of the right kidney. Godrooned or 
notched contour of the right renal and of the infe- 
rior mesenteric arteries was demonstrated indicative 
of fibromuscular hyperplasia of their walls. These 
roentgen findings were extensive and not transient 
(thus spasm could be ruled out). 

The authors believe with others that this is a 
systemic vascular dysplasia and not limited only to 
the renal arteries. It remains to be proven, statisti- 
cally, if pheochromocytoma and vascular fibro- 
muscular hyperplasia are associated with significant 
implication as to the treatment of arterial hvperten- 
sion. 

Pathogenetic association of fibro-muscular hyper- 
plasia and pheochromocytoma needs to be investi- 
gated systematically.—irair N. Sarian, M.D. 


EKWUEME, C. Q., and Anoman, Nov, V, In. 
ferior vena caval obstruction complicating 
vertebral column disease. Brit. Y. Surg., July, 
1967, 54, 5187-590. (From: Department of 
Surgery, University of Ibadan, Ibadan, 
Nigeria, Africa.) 


Two cases are reported in which inferior vena 
caval obstruction was associated with lesions in the 
vertebral column at the level of the obstruction, 
Both patients were young adults with healed in- 
flammatory lesions in the spine-one proven tuber- 
culosis and the other probably tuberculosis. 

In the first case, a 30 year old male, roentgeno- 
grams of the lumbar spine showed collapse of the 
third and fourth lumbar vertebrae, with consider- 
able sclerosis. A left femoral venogram revealed com- 
plete obstruction of the inferior vena cava at its 
origin near the collapsed fourth lumbar vertebra. 

The second case, a 26 year old man, showed scler- 
osis of the first and second lumbar vertebrae on the 
roentgenograms. A venogram on this patient dis- 
closed a complete block of the inferior vena cava at 
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the level of the first and second lumbar interverte- 
bral disk space. 

From tae close position of the inferior vena cava 
to the spire, the obstruction in these 2 cases appears 
to have been caused by direct compression of the 
vein by abrosis secondary to the healing of the 
vertebral lisease.John H. Harris, M.D. 


AMSLER, FRED, R., and Witger, Marrin C, 
Intraozseous vertebral venography as a 
diagnostic aid in evaluating intervertebral- 


Naval Hospital, Philadelphia, Pa.) 


The auchors describe intraosseous vertebral ven- 
ography znd its usefullness as demonstrated in 42 
patients, These patients were also studied with 
myelography and surgical exploration. 

The vertebral veins are divided into an external 
and an inzernal plexus which communicate through 
interverteoral veins and tortuous veins between 
posterior zertebral arches. The internal plexus con- 
sists of * anterior and 2 posterior longitudinal 
channels separated by the dura. These anastomose 
freely to ‘orm a venous ring around each vertebra. 
The intervertebral veins terminate in the vertebral, 
intercosta, ascending lumbar and lateral sacral 
veins. The veins are thin-walled, distensible and 
valveless. They are extracavitary and thus receive 
intracavitary blood readily when the abdomen is 
subjected to mechanical compression. When the 
veins are filled with contrast material via intraosse- 
ous Injection in the lumbosacral region, they have a 
symmetric ladder-hike appearance, the rungs of 
which represent the intervertebral veins. Failure to 
All the intervertebral veins is abnormal and suggests 
a space-oecupying lesion. 

The technique utilizes mechanical compression of 
the abdomen and consists of carefully drilling a ri 
inch Osgcod needle, No. 18, into the selected spinous 
process. The needle must lie in the cancellous portion 
of the spmous process. One cc. of 60 per cent reno- 
grafin is mjected as a test dose followed by & cc. of 
I per cen: lidocaine. Thirty cc. of 60 per cent reno- 
grafin is tien injected in 3 to $ seconds and a film ex- 
posed wita the last 5 cc. A second injection of 20 cc. 
and a secend exposure then follows. The tube should 
be tilted : to 10 degrees toward the sacrum to dem- 
onstrate the lumbosacral interspace. 

The venogram localized disk disease in 3$ of 42 
patients. Of the 7 remaining patients, there were 3 
false negatives, 1 false positive, 1 in which the veno- 
gram demonstrated one disk but another was also 
present asl in 2 cases the venogram localized the 
defect on the side opposite the one demonstrated by 
surgical exploration. 

The auchors state that laterally placed lesions are 


better demonstrated with venography and central 
lesions with myelography. It is felt that the techni- 
cal and interpretative problems with this study 
would require its performance by one person rather 
continuously in any one institution.— Major Tames 
R. Stevenson, MC USA 


HarLipAv, PETER. Intra-osseous phlebography 
of the lower limb. Brit. T. Surg., April, 1967, 
54, 248-257. (From: Department of Surgerv, 
University of Sydney, and the Roval Prince 
Alfred Hospital, Sydney, Australia.) 


The author describes a technique of intraosseous 
phlebography of the lower limb designed to demon- 
strate incompetent perforating veins and to define 
changes in the deep veins of patients with venous 
disorders of the lower limb. 

One hundred and fifty-five patients were divided 
into 3 groups: postphlebitic patients; patients with 
primary varicose veins; and normal patients exam- 
ined to exclude venous disorders. 

A bonemarrow needle with plastic extension tub- 
ing was inserted into the lateral malleolus, 2 cm. 
above the tip to a depth of 1 cm, When the examina- 
tion was done utilizing local anesthesia, 1 cc. of 
Xylocaine was then injected followed by $-10 ml. of 
30 per cent urografin, while a sphygmomanometer 
cuff was inflated to 100 mm. Hg on the thigh. Then 
40 ml. of 30 per cent urografin was injected in 30-40 
seconds. Anteroposterior and lateral roentgeno- 
grams were obtained while the injection was taking 
place. 

Contrast material flows immediately to the deep 
veins and the short saphenous vein but the long 
saphenous vein fills very faintly or not at all. The 
pathologic veins were divided into 2 groups: incom- 
petent perforating veins subject to surgical treat- 
ment; and those not subject to surgical treatment, 
such as soleal sinusoids and fine multiple veins. In- 
competent perforating veins were found in go per 
cent of patients with the postphlebitis syndrome and 
over one-half were medial perforating veins, one- 
third posterior perforating veins, and one-sixth 
lateral perforating veins. In patients with primary 
varicose veins, 5o per cent had incompetent perforat- 
ing veins and in normal patients none were demon- 
strated. 

Deep vein abnormalities were found in all but 2 
of 130 postphlebitic patients. The abnormalities 
consisted of occlusion, ‘disorganization’, and re- 
canalization. The occlusion was usually localized to 
the distal popliteal vein, proximal to the junction of 
the soleal sinusoids and the posterior tibial vein. 
Tortuous collateral veins, absence of valves and ir- 
regularity of the wall in the area of the filling defect 
help distinguish occlusion from failure of contrast 
medium to opacify a segment of the vein. Recanali- 
zation, partial or complete, was characterized by no 


Abstracts of Radiological Literature 247 


valves, fluffy outlines, dilatation and diminished in- 
tensity. 

In patients with primary varicose veins, occlusion 
and recanalization were present but less frequent and 
less severe. 

It was felt that, in addition to establishing the 
clinical diagnosis, the examination demonstrated the 
distribution of incompetent perforating veins thus 
determining the extent of the surgical procedure. In 
a small group of patients, a subfascial ligation was 
avoided when abnormalities in the deep veins were 
demonstrated in the absence of incompetent per- 
forating veins.—-Mayjor James R. Stevenson, MC 
USA 


Davipsow, J. W., CLARKE, E. A., and WALKER, 
D. Radiographic appearances in chromo- 
lymphacenography. 7. Canad. A. Radiolo- 
gists, June, 1967, 79, 316-321. (From: De- 
partment of Diagnostic Radiology, Princess 
Margaret Hospital, Toronto, Ontario, Can- 
ada.) 


Chromolymphadenography, whereby chlorophyll 
is added to ultrafluid lipiodol for diagnostic lymph- 
ography, is a successful method of coloring lymphatic 
structures green. The green color visible at operation 
aids in the identification of the lymph nodes visu- 
alized on preoperative lymphangiograms. Ordinarily, 
the lymph nodes are best demonstrated 24 hours 
after the injection of plain ultrafluid lipiodol. With 
chlorophyll added, however, there 1s a marked stasis 
of the contrast medium in the lymph vessels. In 35 
cases of chromolymphadenography marked stasis 
was noted at 24 hours to 1 month following the pro- 
cedure and lymph node swelling was noted in 6 
cases. In only 1 case of plain lipiodol lymphangiog- 
raphy was a minimal stasis noted at 24 hours. 

The radiographic appearance is dilatation of vary- 
ing degrees in numerous afferent channels continu- 
ous with the sinus of the lymph node. There is a 
paucity of efferent vessel filling. Collateral vessels 
and lymph nodes not usually visualized in the plain 
lipiodol studies are seen. Marked dilatation of the 
marginal sinuses and adjacent lymph vessels may 
occur simulating small lymphocysts. The lymph 
nodes are often larger in size with poorer marginal 
definition and loss of normal reticular pattern. This 
appearance may be confused with metastatic dis- 
ease. 

The authors compared their study with two others 
previously published and the results are similar. 
They beliewe that these findings indicate a definite 
reaction to chlorophyll and that the edema of green- 
stained lymph nodes removed at surgery would con- 
firm this. 

It is concluded that the disadvantages of the 
chlorophyll type of lymphadenography outweigh the 
advantages.— Everett H. Tohnston, M.D. 
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RADIATION THERAPY 


Daviporr, Leo M. Some considerations in the 
therapy of pineal tumors; Rudolf Virchow 
lecture. Bull. N. Y. Acad. Med. July, 1967, 


43, 539-562. 


The author reviews historically the pathophysio- 
logy of the pineal gland and its tumors. Also, he 
discusses the anatomic location of the tumor as it 
relates to the production of: (1) obstructive hydro- 
cephalus, (2) interference with the function of the 
quadrigeminal plate and midbrain, (3) interference 
with function in the hypothalamic-pituitary lesion, 
and (4) endocrine manifestations secondary to de- 
pression or hyperactivity of the pineal gland. The 
need for accurate diagnosis based upon ventriculog- 
raphy is stressed. 

In reviewing the literature he points out the high 
mortality and general futility associated with the 
radical surgical treatment of pineal tumors as the 
primary means of therapy. In addition, he presents 
his own case material which has been treated by 
means of a surgical decompression utilizing some 
form of shunting procedure. A detailed discussion of 
various surgical shunts follows. 

The need for adequate radiation therapy to the 
tumor following the surgical procedure is em phasized, 
Of 11 cases treated in this combined manner, g are 
alive and well 9-24 vears following treatment.— 


Donald S. Faust, M.D. 


Hevuscue.e, R., and Lamps, I, Pituitary ir- 
radiation for Cushing's syndrome. Radiol. 
clin. et biol., 1967, 36, 27-31. (From: The 
Department of Radiology [Alice Crocker 
Lloyd Radiation Therapy Center] Univer- 
sity of Michigan, Ann Arbor, Mich.) 


In 16 patients with Cushing's syndrome due to 
adrenal hyperplasia produced by excessive secretion 
of ACTH, pituitary irradiation (4,000 r in 4 or 4 
weeks) was followed by complete remission of all the 
manifestations of the syndrome in 1o patients 
(63 per cent). Five patients had initial improvement 
but the manifestations recurred; thus thev were 
considered failures (31 per cent). One patient had no 
response. The prognosis was more favorable for the 
younger patients. 

The average age of the 10 patients with complete 
remission was 26.3 years (range 16 to 47) in contrast 
to 45.3 years (range 37 to £2) for the 6 failures. 
Ample time must be allowed for the development of 
à satisfactory remission, often in excess of 6 months. 
The average time for clinical remission was F4 
months. 

The delayed onset of remission may operate 
against employing this method of treatment in pa- 
tients with markedly severe manifestations of 


Abstracts of Radiological Literature 


January, 1968 


Cushing's syndrome. A remission rate of approxi- 
mately so per cent in Cushing’s syndrome due to 
adrenal hyperplasia produced by excessive secretion 
of ACTH can be expected on the basis of the 
authors' series and the findings reported in the liter- 
ature.——,7. D. Belcher, M. D. 


Mice, R, Carasrese, U., and MARANI, A, 
Localizzazioni scheletriche nel linfogranu- 
loma maligno. (Skeletal localization in ma. 


Maggiore di Bologna, Italy.) 


Between 1930 and 1967 a total of 304 cases of 
Hodgkin's disease were treated at the Istituto del 
Radio of Bologna. Twenty nine cases presented 
skeletal involvement. 

The age varied from 8 to 65 years, the fourth dec- 
ade showing the highest incidence. Of the 29 patients, 
19 were males. 

In 12 cases there was only a single skeletal locali- 
zation, while in the remaining 17 the skeletal in- 
volvement was multiple. The most frequent localiza- 
tions were to the lumbar spine (10 cases), and the 
dorsal spine (7 cases). 

The pathologic process in 21 cases was of the 
osteolytic sype. In only 6 cases was the form of a 
mixed type, osteolvtic and osteoblastic. 

Radiotherapy was the treatment of choice with 
total doses varying from a minimum of 850-900 rads 
to a maxim um of §,000~6,000 rads. The results were 
satisfactorr but the beneficial effects were of short 
duration.-.4. F. Govoni, M.D. 


PrRTTALA, Y., Horsti, L. R., and RISSANEN, 
P. M. Histiocytosis X (reticulo-endotheliosis). 
Radiol. clin. et biol., 1967, 36, 53-64. (From: 
The Radiotherapy Clinic, University Central 
Hospital, Helsinki, Finland.) 

Eight cases of histiocytosis X (4 adults and 4 
children) were examined at the Radiotherapy Clinic 
from 1950 co 196g. 

The clinxcal features, roentgenologic findings, and 
the treatment of these cases are described. Six of 
them were males and 2 females. The age range was 
3 months to §3 years. The follow-up time was 1-16 
years. 

The course of the disease was followed by clinical 
roentgenolegic examinations performed at regular 
intervals. 

A table presenting the clinical and roentgenologic 
findings im these 8 cases is presented. John H. 
Harris, MD. 


BROADENING 
THE SCOPE OF 


. TV FLUOROSCOP 





MEDICAL VIDEO RECORDER 


stores TV X-ray images and additional sound signals 


The Medical Video Recorder - designed exclusively for diagnostic 
radiology - completes any TV fluoroscopy installation. 

It stores on magnetic tape the X-ray images transmitted via the TV 
chain from the image intensifier. Audio signals can be recorded 
simultaneously. 

A perfect synchronization system, ample bandwidth and excellent 
screening against interference signals result in recorded images 
of outstanding quality, comparable to that of the original "live" 
TV images. Facilities for rapid starting and remote operation, 
presentation of still images and interchangeability of tapes. 


LET 


Applications 


radiological training 

re-examination without patient 
post-examination diagnosis 

pre-operative study of recorded examinations 
motion and function study 

repeated viewing and more concentrated 
study of TV fluoroscopic images 

study of essential phases during as well as 
immediately after e.g. heart examination 


quick quality check of cinefluorographic shots 


€ #0006008 


. 





Further information supplied by your national Philips organization or agent, 
as well as from: Philips X-ray & Medical Equipment Division Eindhoven - 
the Netherlands, 
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FIGHTING 
GANGER WITH 
FILMI... 


«is not news. What's news is that we've embarked on the most ambi- 
tious film program for professional medical eudiences ever launched 
against a single disease. A half-million dollar fim project is underway-- 
with technical advice from the nation's leading medical authorities. 





Five of these films are available now— 

CANCER IN CHILDREN, DIAGNOSIS AND MANAGEMENT OF CANCER OF THE 
COLON AND RECTUM, ORAL CANCER, NURSINC MANAGEMENT OF THE 
PATIENT WITH CANCER, and THE DENTIST AND CANCER. The balance 
will be released in 1967-1968. 


As pioneers in the usage of medical films, we kaow their value as teach- 
ing tools. Our Units across the country know, too. Films are a vital part 
of their professional educational programs. We hope you will contact 
your local ACS Unit about this outstanding new series, 


AMERICAN CANCER SOCIETY 8° 


xlvi 


this is unt 


...a new ultra-concentrate 


for processing all 90-SECOND 
x-ray films at 90 to 94 F. 





90 90 


DEVELOPER & REPLENISHER 





...the first in a new generation of ultra- 
concentrates created especially for 90- 
second X-ray film processing. 


...a product born from a remarkable dis- 
covery of Hunt research, CYCON', a 
newly synthesized molecule thatbreaks 
the barriers of high temperatures and 
low solubility. 


...a major technological achievement 
that offers radiologists the perfect 90- 
second processing chemistry because 
of these significant advantages: 


Reduced processing temperatures (90 to 94°F ] 
€ produces excellent sensitometric response formerly available a- 
higher temperatures (98 to 107°F) € minimizes mottle and haze € 
affords greater control of chemical fog € facilitates easier control o* 
incoming tempered water supply. 


Less density variation | fluctuation despite changes 
in developer temperature (up to 6°F variation possible). 


Improved diagnostic film clarity ot archival quality 
offers the radiologist more consistent, increased information than was 
ever possible with other processing chemistry at higher temperatures 
on 90-second film. 


Increased chemical concentration ettected by CYCON 
reduces the standard package needed to make 20 gallons of ready-to- 
use solution to approximately: half the package size, to half the weight. 

2 and to one-sixth the mixing time. 
The design of the Hunt 90/90 car- 
ton makes the dispensing and 
mixing of this processing chemis- 
try a foolproof procedure. 








* Patent Pending 








a word about CYCON, 
the new molecule that made 
Hunt 90/90 possible. 


Hunt 90/90 Developer & Replenisher is not just another con- 
centrate. It is based on a totally new family of synthesized 
molecules called Cycon. For many years, the invention of a 
true ultra-concentrate photographic developer and replen- 
isher which would combine the ease of use of a liquid concen- 
trate with the size and weight of a dry powder has eluded the 
chemists attempting to develop highly concentrated liquid 
photographic processing chemicals. This Hunt molecule is a 
new organic chemical of high solubility which allows us to 
formulate highly concentrated liquid developers. The use of 
this new molecule eliminates the previously used inorganic 
salts which have only moderate solubility. It is this kind of 
product research and application that has made Hunt the 
leader in the evolution of automatic processing chemistry. The 
dedication of the Hunt research program is your assurance of 
continued advances in the technology of x-ray chemistry. 


To obtain the ultimate diagnostic film quality in 90-second 
processing chemistry call Hunt today. Our sales force will 
guide you with up-to-the-minute advice on every aspect of the 
90-second system and our trained staff of service engineers is 
ready to aid you in converting (if required) your existing proc- 
essors to the 90-second cycle. 

















Continuous scan 
rmography 





Thermovision the first 
and only thermographic 
equipment offering 
continuous image 
presentation for 
medical diagnosis. 


The thermal pattern of the 
human body appears live on a 
5" TV-like cathode ray tube on 
which the brightness level in the 
picture corresponds to the 
temperature level in the heat 
pattern. Measurements of 
temperature differentials are 
instantly recorded by 
superimposed isotherms with an 
accuracy of .2° C. 

Forthe medical record of the 
patient, a photograph of the 


thermal pattern can be taken in 
seconds on Polaroid, 35mm or 
70mm film. 

How do those features of 
AGA Thermovision improve 
current procedure of producing 
thermograms? 


1 The time a patient has to sperd 
in front of the instrument is 
reduced to a minimum, due to 
Thermovision's rapid scan of 16 
frames per second. Particularly 

in large scale screening 
programs, this isa vital cost factor. 


2 Sensitivity range, brightness 
level and contrast can be adjusted 
to optimum settings before a 
photograph of the image is taken. 


3 Accurate quantitative data can 





Est SNR demi 


diesem 
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be recorded on film in form of 
superimposed isotherms which 
make secondary analysis of 
thermograms unnecessary. 


4 Transient temperature 
conditions like those resulting 
from artificial cooling of certain 
areas, or from the injection of 
drugs which affect the heat 
pattern temporarily, can be 
observed while the thermal 
changes occur. 

We believe the versatility 
and efficiency of AGA 
Thermovision will help improve 
thermographic techniques and 
open doors to new approaches in 
thermography. 


For further information, contact: 


THERMOVISION ~ 
AGA Corporation, 550 County Avenue 
Secaucus, N. J. 07094 (201) 866-3344 
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SIRESKOP 2 10/6" SIRECON DUPLEX INTENSIFIER 


New 2-speed 90/90 x-ray table with Dual 10/6" image 


fully automatic spotfilm-device Intensifier tube with over 4000 x gain 


Magnified view with high detail on 6" pattern 
Employed for all TV-Fluoro and Cine studies 
Automatic brightness control 


Especially designed 
for modern image 
intensifier technique 


Expansion possible 


to full remote control Pulsed operation 


Variety of optionals 
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TUBECRANE 3D 3 PHASE TRIDOROS 55$ 
Tubecrane Three-phase generator with high capacity 
with extreme rigidity for all diagnostic techniques 
Effortless positioning Automatic exposure timing 
Low inertia with Programmed tube load 
unique counterpoise system Three techniques selectable: 
Wide coverage KV MA sec 
All functions controlled centrally kV MAS 
KV programmed operation) 


SIEMENS MEDICAL OF AMERICA INC., 685 LIBERTY AVENUE, UNION, N. J. 07083 


MANONO ANNEANNE RAAE maaana CELT LCA ———————M———7 


in Canada: SIEMENS MEDICAL OF CANADA LTD., 4943 Sherbrooke St, West, Montreal 6, Quebec 





“Silent” gallbladders 
speak more clearly 
with Telepaque 


With Telepaque no picture of the gallbladder tells you plenty —usually, 
the presence of gallbladder disease*. When you get full visualization, you 
can be sure there is no gallbladder disease. And with Telepaque you can 
depend on your diagnosis! 


Telepaque actually provides a dynamic picture of gallbladder function— 
not just merely a static or passive filling effect. This is why Telepaque, 
with its unexcelled record of diagnostic accuracy, 98.3% to 100% in 
large-scale studies, has long been the contrast agent of choice in oral 
cholecystography and cholangiography. 


Contraindications: Contraindicated in advanced hepatorenal disease or severe impairment of 
renal function, severe gastrointestinal disorders that prevent abserption, and in patients sensitive 
to iodine compounds, 

Precautions: Severe, advanced liver disease may interfere with metabolism of Telepaque, thus 
increasing the excretory load on the kidneys. Although renal difficulty has rarely been attributed 
to Telepaque, renal function should be assessed before cholecystography in severe, advanced 
liver disease, and renal output and hepatic function should be observed for a few days after the 
procedure. Patients with preexisting renal disease should not receive high doses of cholecysto- 
graphic media, Possible renal irritation in susceptible individuals could result in reflex vascular 
spasm with partial or complete renal shutdown. Caution is advised in patients with coronary 
disorders, especially those with recent symptoms of coronary artery disease. Blood pressure 
should be observed after administration of cholecystographic media to these patients. Elevation 
of protein-bound iodine for several months and false positive urine albumin tests (for three 
days) may occur after ingestion of iodine-containing cholecystegraphic media. 

Adverse Reactions: Most reactions are mild and transitory ; serious side effects are very rare. 
Gastrointestinal effects (diarrhea, cramps, nausea, vomiting) are the most common, Usually the 
diarrhea consists merely of a few loose stools, although in isolated cases it may be severe. A mild 
stinging sensation during urination may occur, and rarely, skin rash, urticaria, pruritus, and 
flushing. One case of thrombocytopenia has been reported in a patient with a history of conjunc- 
tival hemorrhages. Subjective complaints have been: dryness of throat, burning on swallowing, 
heartburn, sore throat, dizziness, and headache, 

Usual Dosage: 3 Gm. (6 tablets) at night after a light supper, 

Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes of 5 and 25 envelopes; also bottles 
of 500, 


*However other unusual causes of nonvisualization are occasionally encauntered. 


® 
] ele a ue for precise oral cholecystography 
and cholangiography 
brand or lopanoic acid 
WINTHROP LABORATORIES 


(Winthrop | PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS New York, N.Y. 10016 





Standard's Ultiscope Image In 








ensifier is very 


impartial. It will give you the image on a TV 
monitor, mirror, cinéfilm, or video tape. 


In addition to being impartial, the Ultiscope Image In- 
tensifier is very adaptable. It can be as basic or as 
sophisticated as you require. For example, you can 
begin with basic mirror viewing in either the 6 or the 
9-inch model. Then, you can add additional com- 
ponents such as cinéfilming (16 or 35mm), television 
viewing, single frame spot film camera (70 or 90 mm), 
or video tape any time your needs change. 


Nor is the Ultiscope limited to use with new equip- 
ment. it can be adapted readily to fit the spot film de- 
vice of most X-ray tables. When you purchase a new 
table at a later date, the Ultiscope can be transferred 
to it with minimum time and cost. 


Because it uses precision optics, the Ultiscope pro- 
vides an image of unusual sharpness and brilliance. It 


gives you b nocular viewing that makes locating and 
following the image a simple task. The mirror is easily 
rotated and adjusted to the most convenient position 
for your individual viewing. 


Most important, the Ultiscope Image Intensifier is 
the result of Standard’s 53-year old tradition of making 
reliable, supsrior-quality X-ray equipment. It's built by 
craftsmen wno put an extra amount of care and pre- 
cision into every one of the jobs they do. 


"— STANDARD 


BIA B- RTR 


Dealer has complete de- 
taiis on the Ultiscope 
Image Intens fier. Forhis 
name and a copy of our 
new catalog, write us. 





STANDARD X-RAY COMPANY 


& subsidiary of Cenco Instruments Corp. 
1932 N. Burling St, Chicago, Ill. 60614 











EDOPAQUE 


Sterile, aqueous, viscous Medopaque 
offers optimal radiopacity and complete 
absorption in 45 minutes from mucous 
and serous surfaces, Miscible with body 
secretions, spreads without droplet 
formation. Safe in the event of 
intravasation. In vials of 10 cc. 


For 

Hysterosalpingography 
Cholangiography (operative and t-tube) 
Biliary Ducts 

Fistulous Tracts 


Medopaque contains 35% sodium 
ortho-iodohippurate, 10% sodium 
iodide, with added stabilizer, 
preservatives and a blend of 
polyethvlene glycols. 





Professional sample supply available on request. 


BELL-CRAIG, inc. 


41-14 27th Street L.LC., N.Y. 11101 
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Shedding a conventional 12^ Ib. leaded x. ray apron 
and donning our new light one is just like 

emptying your pockets of 1 silver dollar 2 half dollars, 
9/ quarters, 38 dimes,99 nickels, 181 pennies, 

a ball point pen, pocket knife and 4 keys. 





But despite this lower weight, you lose no protection with this apron. Our new Lite-Gard apron fully 
provides the required 0.5 mm lead equivalent protection at 80 KV. Yet it actually weighs up to 4 Ibs. less 
than conventional x-ray aprons, 
If you now challenge your Picker salesman to prove that your current apron is unnecessarily over- 
weight, he's likely to pull out a scale (unrigged) right on the spot. Try it. 
Bot you need not wait for said demonstration: details will follow your request for file MA-32. 





Red Seal X-ray film on 
Melinex polyester base 


. The premium Red Seal X-ray film now 
being supplied is made with an entirely 
new and highly efficient emulsion coated 
on Melinex polyester base and is designed 
to produce maximum radiographic 
information. 

Red Seal on Melinex base is a high 
speed film with excellent resolving 
power, resulting in minimum exposures 
and sharp, clean images. Fog is at an 
absolute minimum for a film of this speed. 
This new Red Seal emulsion will give 
equal satisfaction throughout the entire 
medical KV range. 


Standard X-ray film on 
Melinex polyester base 


Standard X-ray film on Melinex base, 
like Red Seal, is designed to produce 
maximum radiographic information. 

This fine film offers all the qualities 
sought by radiologists: high contrast, 
medium speed, fine grain (particularly 
suitable for use with high KVP 
techniques); exceptionally low fog level, 
and the famous Ilford batch-to-batch and 
box-to-box consistency. 

Standard X-ray emulsion on Melinex 
base is particularly recommended for 
all investigations where the highest 
contrast and definition are required. 


Both Ilford Red Seal and Standard X-ray films on Melinex assure superior 
performance in all “full cycle" and “half cycle" processing systems. In addition, 
these new films permit substantial reduction in drying temperatures. 
Packings include 300 and 500 sheet economy bulk packs, and 75 and 25 sheet 


cartons in all popular sizes. We invite a trial test of their excellence. 


WY 
KN 


ILFORD INC. 


601 West 26th Street, New York, N. Y. 10001 


1217 East El Segundo Boulevard, El Segundo, Cal. 90245 


3566 Elm Street, Hapeville, Ga. 30054 





The British Journal 
of Radiology FOUNDED 1896 


A monthly publication covering the fields of 


RADIODIAGNOSIS, RADIOTHERAPY, RADIOBIOLOGY, 
RADIOLOGICAL PHYSICS, RADIATION PROTECTION 
AND NUCLEAR MEDICINE 


This Journal is the official organ of 


THE BRITISH INSTITUTE OF RADIOLOGY 


The British Journal of Radiology is the oldest radiological journal in the 
world, having started in 1896 as The Archives of Clinical Skiagraphy. 


In addition to the presentation of selected papers which have been read at 
meetings of the Institute, original contributions from workers actively en- 
gaged in radiology in all parts of the world are published. By publishing 
material embracing new developments in both clinical and academic fields 
of radiology, — is designed to serve the reader who wishes to keep 
abreast of the advancing and widening front of radiological science and 
practice today. 


An increasing proportion of editorial space is being used to publish original 
contributions in radiodiagnostic physics and technology, cellular and human 
radiation biology, the techniques for clinical investigation using labelled 
compounds and in other rapidly growing fields on the fringe of radiology. 


The size has been increased to an average of 80 pages per month, 9%” x 7”, 
while maintaining the number and excellent qualitv of the illustrations, for 
which this Journal has become justly famous. 


No effort is being spared to make THE BRITISH JOURNAL OF RADIOLOGY a pub- 
lication of the highest possible excellence both as regards matter and form 
of presentation. 


obtainable from 
THE BRITISH INSTITUTE OF RADIOLOGY 


32 WELBECK STREET, LONDON, W.1 
and from leading booksellers all over the world 
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No two ways 
about redi-FLOW 


(Gastric Suspension Barium Sulfate 30% w/w) 


it’s the pre-mixed, 


stable suspension, 


—tedi-FLOW™ 


_ BARIUM SULFATE 308 0 


barium-in-a-can 


that’s always the same. 
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No two ways about redi-FLOW™ (gastric suspension barium sulfate). 
Its always the same. Get the picture you want with the same patient at 
later dates because there is no variable factor in the mixing. redi-FLOW " 
(gastric suspension barium sulfate) is always ready-made to the same 
specifications of barium content, of specific gravity, of suspension, and 
of flow properties—day after day, month after month. It flows evenly 
as a consistent, uniform column of barium—doesn't precipitate in gastric 
fluid or small bowel. Your patients will love it. But don’t let them have 
all the pleasure . . . try some yourself . . . it tastes like a good milkshake. 
No two ways about it-you'll like redi-FLOW " (barium sulfate sus- 
pension). Test it by using the coupon. 


- 
f 
f 
| Subsidiary of Flow Laboratories, Incorporated 
1070 Linda Vista Avenue, Mountain View, California 94040 








Send redi-FLOW™ (gastric suspension barium sulfate , 30% w/w) samples to: 





Name 





Address 


City State Zip 
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Medical 


De Doctors 
| —Generalists 
—Specialists 
* Nurses 


* Therapists 
* Laboratory and 
X-ray Technicians 


USE THE COUPON TO 


LEARN OF OPPORTUNITIES 


FOR CHALLENGING SERVICE 
ACROSS THE WORLD 


A Service of CARE 





B 


A nonprofit, nonsectarian 
aid program to share the 
boon of modern medicine 


In 8 countries of Latin America, Af- 
rica and Asia, American and Canadian 
medical teams and specialists are at 
work with MEDICO, a service of 
CARE. Their mission: to upgrade 
medical services for the people and 
train loeal personnel for the years 
ahead. To meet the continuing re- 
quests for this crucial assistance, 
CARE-MEDICO seeks men and wom- 
en to serve as members of long-term 
teams, for 24 months, or as short- 
term volunteers in specialist pro- 
grams, Specialists in all categories 
are particularly needed, for assign- 
ments of at least one month. For a 
professional and personal experience 
you will treasure, apply today. Write 
for information on the posts available. 


SACS US DENT ORNA Um UNT INCONNU a Ca 
I 

MEDICO, A Service of CARE i 
660 First Ave., New York, N. Y. 10016 
+ * * i 

Send me information on your programs in: l 
Afghanistan [] ^ Algeria[] Honduras] ! 
m ; I 
Dominican Republic [7] Jordan (7] i 
Malaysia [7] Nigeria [7] Tunisia[] 1 
! 

ARE MOI er IE and would , 

be interested in serving ................ months. d 
i 
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SQUIBB 


a research concept in contrast visualization 


for better 
definition of disease 


gua m i 








No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,' "...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient," Macht et a/. have com- 
pared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 50% diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.8% sodium iothalamate solution. ' 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as “good”; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
"poor." The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 





hives, pain in arm, sneezing, hot flushes, stuffi- 
ness of nose or ears.’ 


The following chart shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effects expected in 
standard population of 1,000 patients by age, accord- 
ing to.type of medium used 





medium used quality with 
and type standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 827 123 50 41 
0-197 126 122 3 1 3 
20-49 415 374 35 6 27 
50-69 315 240 51 24 9 
70 or older 144 91 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 126 115 6 5 ri 
20-49 415 378 26 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 0 7 
20-49 415 393 20 2 29 
50-69 315 269 32 14 13 
70 or older 144 99 25 20 5 


*Adapted from Macht! tin some patients in this age 
group, higher than recommended doses were used. 

In theory: "The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects." 


In practice: "The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category." 


In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: ffrst, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium.' 


For brief summary of prescribing information, 
please refer to the end of this advertisement. 


definition of 
safety... 


demonstrated in animals...Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest. Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: "We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO; concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material."? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments."? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley^ injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et a/.5 reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. "When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. ..."5 


"|n the case of the methylglucamine compounds, 
the same dissociation takes place. However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism." 

proved in practice... Paralleling similar findings in 
animals, clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all irtravascularly injected contrast agents, 
the possibil ty of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
Side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 6% incidence of side effects. The 
authors concluded: “It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients... ."'ó 


In a 74-pat ent study,” comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: “With confused patients who 
are to have arteriography under local anesthesia, 
it is particularly desirable to have an agent that 
causes little pain.” In this study, since “...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cent Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory."7 


better tolerated even in pediatrics...Citing some 
difficulties n administering contrast agents intra- 
venously to children, Strasser et a/.® selected 
Renografin-50 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: "The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium."^ 


For brief summary of prescribing information 
please refer to the end of this advertisement. 


definition of 
efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 
trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages— including renal pelvis, 
ureters and: bladder — may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence...|n a comparative 
study? of 3 contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 
perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et al.,? 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. ''Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (97%) of the cases, demonstrating 
the great diagnostic value of this procedure." And, 
as noted previously, Shealy found the contrast 
agent to be "quite satisfactory" in 1,500 carotid 
arteriograms.’ 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H.W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et al.: Angiology 15:107 
(Mar.) 1964. 5. Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar. 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 


Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelihood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is 'often indicated by tran- 


sient burning and flushing, pain, “jump-like” 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 


The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite a 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxyl) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a Clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full details the Package Insert should be read. 
Supply: Renografin-60 is supplied in vials and 
ampuls as a Sterile aqueous solution providing 
60% meglumine diatrizoate containing approxi- 
mately 29% firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S. P. 


S UIBB ‘The Priceless Ingredient’ of every product 
QI is the honor and integrity of its maker. 


For brain scanning, Pertscan-99m pro- 
vides more information with less radia- 
tionto the patient than any other related 
cerebral test—whether other radioiso- 
topes or x-rays. 


Gives each projection fast—15 minutes 
or less with rectilinear scanners, 2 to 4 minutes 
with a camera. 


Supplied in a ready-to-use sin- 
gle dose vial. 


Carrier-free, non-pyrogenic, sterile, 
and isotonic. 





Oral or intravenous administra- 
tion in two sizes: 10 millicuries in 4 ml. and 15 
millicuries in 6 ml. 


Monday through Friday—and Sun- 
day ... allows scheduling of brain scans 6 days 
a week—Monday through Saturday. 


INDICATIONS: Adjunctive diagnostic aid in detect- 
ing and localizing intracranial neoplastic (primary 
or metastatic) and non-neoplastic lesions. 


CONTRAINDICATION: Radio-pharmaceutical agents 
should not be administered to pregnant women or 
to persons less than 18 years old unless the indi- 
cations are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as 
all personnel; to prevent extracranial contamina- 
tion because this can lead to errone- 
Ous interpretation; and to differentiate 
areas of abnormal activity from areas 
of normal vascular activity. 801391 
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mia resulting from compression or obstruction 
ott announces of pulmonary arteries. 


Surgery and/or other therapy for lung disor- 
ders: To evaluate the effectiveness of thera- 
l peutic measures. 

| IN (HUMAN Macroscan-131 is sterile and non-pyrogenic. 
it is ready to use and should not be heated 


If it's a pulmonary problem, Prior to use. 


. . INDICATIONS: For scintillation scanning of the lungs to 
Macroscan-131 pictu res it! evaluate total, unilateral, and regional arterial perfusion 


to the lungs. 


CONTRAINDICATION: Hadio-pharmaceutical agents should 
not be administered to pregnant women, nursing moth- 
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Pulmonary embolism, suspected: To confirm 


or rule out) its occurrence. ers, or to persons less than 18 years old unless the in- 
Chronic pulmonary tuberculosis: To estimate eae panda d — 
, : : : PRECAUTIONS, SIDE EFFECTS: Care shou e taken to 
k unilateral and regional function and perfusion administer the minimum dose consistent with safety and 
of the lungs. validity of data. The possibility of an immunologica! re- 


Emphysema: To evaluate the degree of focal sponse to albumin should be kept in mind when serial 
lack of perfusion. scans are performed. There is a theoretical hazard in 


acute cor pulmonale, because of the temporary small 
Pneumonitis: To evaluate the decreased re- additional mechanical impediment to pulmonary blood 
gional blood flow that occurs without obstruc- flow. ^ possible case of urticara has been 
tion of vessels related to a similar preparation. The thyroid 

° gland should be protected by prophylactic ad- 
Lung tumors: To evaluate the regional ische- ministration of concentrated iodide solution. 








5 NEW BOOKS IN 
ROENTGENOLOGY 


NOW AVAILABLE- | 





FUNDAMENTAL PROBLEMS IN SCANNING 


Compiled and edited by Alexander Gottschalk 
and Robert N. Beck, both of Univ. of Chicago, 
Ill. (39 Contributors). Classifies the fundamen- 
tal problems in scanning and indicates the 
current state of solutions . . . new concepts 
involving analog and digital computer tech- 
niques, tomographic scanning, etc. are em- 
ployed. April °68, about 464 pp. (7 x 10), 299 
il, 12 tables. 


ROENTGENOLOGY OF THE 

SPLEEN AND PANCREAS 
By Josef Rósch, Charles University, Prague, 
Czechoslovakia. Describes classical routine 
roentgen examination methods with major em- 
phasis on modern angiographic techniques. 
The contribution of each examination to the 
diagnosis is stressed. Various diseases of the 
spleen and pancreas are analyzed. Nov. ‘67, 
876 pp. (6% x 9%), 434 iL, $29.75. 


SOLITARY METASTASES 

By Philip Rubin, Univ. of Rochester Medical 
Center, New York, and Jerold Green, Zeller- 
bach Saroni Tumor Institute, Mount Zion 
Hosp., San Francisco. Written from a multi- 
disciplinarv viewpoint for the surgeon, radio- 
therapist, and internist interested in the prob- 
lem of metastasis. April '68, about 253 pp. 
153 ilL, 30 tables, (Amer. Lec. Radiation 
Therapy edited by Milton Friedman). 


LUNG CALCIFICATIONS in X-ray Diagnosis 


By Emanuel Salzman, Univ. of Colorado 
School of Medicine, Denver. Reviews the ex- 
isting clinical knowledge of diseases causing 
calcific deposits in the lungs. A section on 
differential diagnosis classifies patterns of cal- 
cifications encountered in these diseases, em- 
phasizing their distinctive features. Jan. '68, 
132 pp. (6% x 9X), 74 il, 87.50. 


THE FUNDAMENTALS OF X-RAY 
AND RADIUM PHYSICS 

(Fourth Edition, Third Printing) 
By Joseph Selman, Univ. of Texas, Tyler. De- 
signed primarily as a textbook of radiological 
physics . . . all chapters have been extensively 
revised and an entirely new chapter on radio- 
active isotopes added. ". . . one of the most 
comprehensive basie works designed specifically 
for the x-ray technician."—Radiologic Tech- 


nology. '67, 500 pp., 306 il, 16 tables, $10.50, 
CHARLES C THOMAS * PUBLISHER 


301-327 East Lawrence Avenue 
Springfield * Illinois * U.S.A. 
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CONSOLIDATED 
INDICES 


VOLUME VI 


embracing 


The American Journal of 
Roen:genology, Radium Therapy 
and Nuclear Medicine 


Volumes 79-88 (1958-1962) 


Covers some 8,000 pages of original papers, 
editorials, biographical sketches, and ab- 
stracts of both domestic and foreign jour- 
nals published in THE AMERICAN JOUR. 
NAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE 
for the years 1958-1962. 


Fills a very definite need and will be wel. 
comed by those who have occasion to con- 
sult the Journal during this five-year period. 
Increases the usefulness of your set of jour- 
nals a aundred-fold. 


A Limited Quantity 
Has Been Printed 


Order Your Copy 
NOW 
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CHARLES C THOMAS - PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Illinois 


Send me the volumes I have checked below. } 
understand that orders are subject to the exhaus- 
tion of available stock. (This order is subject to 
withdrawal without notice.) 


Volume II (1938.1942), $10.00 
Volume HI (1943-1947), $22.50 
Volume IV (1948-1952), $23.50 
Volume V (1953-1957), $25.00 
Volume VI (1958.1962), 823.50 


*Volume I (1903-1937) out of print, 
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Think Light 
The “6C” is light 
in weight; compact. 


Think Bright " 


The “6C” is brighter, 
improves system performance. 


Think Light Bright & 


Dynascope “6C’’—New in 
concept, this x-ray image 
intensifier tube greatly enlarges 
the performance range of the 
Machlett Dynascope “6” series. 





Think Light 


The new Dynascope “6C,” in 

a typical housing, weighs up to 
one-third less than conventional . 
6-inch image intensifiers. 


Think Bright 


The new Dynascope “6C,” with 
modern output format, and added 
efficiency in light transfer, sets 
new standards for brightness for 
3-inch tubes. 


Think Light Bright ~ 


The new Dynascope “6C”: designed 
tor installation either in present 
viewing systems or in "next 
generation" equipment. (Its modern 
design requires only two focussing 
electrodes and simplifies, therefore, 
associated electrical equipment.) 





Write today—or consult your x-ray dealer—for informat on on the Dynascope "6C." 





THE MACHLETT LAEORATORIES, INC. 
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WANTED: RADIOLOGIST for full time 
appointment in active general medical and 
surgical hospital with teaching, research and 
residency approval. Affiliated with The Medi- 
cal College of Georgia. Position available 
immediately. Salary commensurate with 
training and experience up to $18,481 per 
annum, depending on qualifications, plus 
Federal fringe benefits. Equal opportunity 
employer. Apply to Chief of Staff, Forest 
Hills Division, Veterans Administration Hos- 
pital, Augusta, Georgia 30904. 


H 
i 
i 


In reply to advertisers please mention 
that you saw their advertisement in 


THE AMERICAN JOURNAL OF 


ROENTGENOLOGY, 
RADIUM THERAPY 


AND NUCLEAR MEDICINE 


* * + 


CHARLES C THOMAS 
PUBLISHER 
Springfield - Illinois 
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Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 





Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed, It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
-—then your reference source is always complete, organized and 
instantly at your service. We call them “Vigilant Volumes"; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 


The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.45 per volume, permanently hard bound 
in washable 5uckram, gold embossed with period dates, journal 
name and spzcial insignia-—plus your name stamped in gold leaf, 
"Vigilant Volumes" are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors, 


HOW TO ORDER 


Simply ship your journal issues to us via parcel post, together with 
your name, address, and remittance, at $5.45 per volume. Within 
45 days after receipt, bound volumes will be shipped to you pre- 
paid. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Binders of AH Journals) 
732 South Sherman Street 
Chicago, HHnais 60505 





THE JOURNAL OF THE CANADIAN 
ASSOCIATION OF RADIOLOGISTS 


published quarterly: March, June, September and De. 
cember. It is the efficial organ of The Canadian 
Association of Radiologists. 


— M  —— M M— M ÓÓÀ 


Price $5.00 per anaum in Canadian or equivalent funds. 
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The Canadian Association of Radiologists, 
1555 Summerhill Avenue, 
Montreal 25, Quebec, Canada 


Please enter my subscription to the JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS, for which my cheque 


is enclosed. 
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The Back XOgraph Company iee a e x. 

is the oldest and largest 1 | a ee oA 

exclusive manufacturer oi j T a oe 

X-Ray Darkroom Equipment COPY PAPER d eem rere 

and Supplies in the world. : i R Boos ] B 

See Your New- | ir. ec 0070 ANNOUNCING: | : 

“Buck 1967-66 Catalog” | . | THE NEW X-OGRAPH 

For The- | PHOTO COPY PAPER AND ACTIVATOR. 

"Buck Products — CONE NONE BETTER—FAST DRYING PAPER. 

Known the world over. ^ LONG LASTING SOLUTIONS. n 
SELDOM EQLALLED NEVER EXCELLED | 

THE PLONEER IN THE X-RAY DARKROOM EQUIPMENT FIELD. 


THE BUCK X-OGRAPH COMPANY — 8709 XOGRAPH AVE. — ST. LOUIS. MO. 63136 





ccurate diagnosis depends, to a great extent, on 
the skill of the operator and the quality of the 
X-Ray Accessories employed. 


High quality, and good performance at a fair price have been the 
prime motive in the design and production of Buck X-Ray Accessories 
ever since the introduction of the impressionable metal-backed X-Ograph 
Dental Film Packet invented by A. W. Buck in 1918, to be followed 
quickly by Cassettes, Intensifying Screens, Hangers, Film Dryers, 
[lluminators, and numerous Darkroom Equipment items. 


X-OGRAPH® Photocopy Paper and Activator, recently added to 


Buck Products, were quickly recognized as Quality Products 
throughout the world. 


Order your X-Ray Supplies and Photocopy Paper from your 
favorite dealer. 


BUCK X-OGRAPH COMPANY St. Louis, Mo. 63136 





* X-Ray accessories for those who demand quality * 


need for ordering separately after each referral a 
thing of the past. Most laboratories can pretty well 
estimate what their approximate weekly need will be, 
So that everything can be ordered in one shipment 

to arrive on any given day. Thus, when a patient is 
referred, the diagnostic agent is already on hand and 
the test can be run immediately. Moreover, there is 
only ane shipping charge. And if the material arrives 
for use during the latter part of the working week, 
Squibo will bear the cost of radioactive decay 

Over weekends. 


If you want to know more about this unique service 
feature, please contact your Squibb professional 
representative. He can arrange for a weekly "blanket 
order" that is shipped to you automatically for 
arrivai on any day you specify. 


It is also important that you know of the unique 
Squibb “pretili” program that anticipates and 
programs radiopharmaceutical parenteral produc- 
tion sc that sterility and pyrogen test data are "in 
house’ before the materialis released. Thus, Squibb 
good manufacturing practices assure—even with 
radiopharmaceuticals —the same high standards you 
would expect in any regular parenteral preparation. 


These are only a few of the many important features 
and services available to you when you use Squibb 
radioisotopes. Your Squibb representative will be 
happy to give you more details. 





Are you ordering separately after 
each referral and then rescheduling 
the patient? Most drugs areon hand 
when the patient needs them. 

Why not radiopharmaceuticals? 


a 
If a hospitalized patient needs blood, he can have it Uu a IC] Ue 5 5 day 


within minutes. If an ill patient needs penicillin, it can 


a Kx 
be prescribed immediately. But if he should need a | re Cal | bration 
radio-diagnostic test, he may have to wait several 
days for the material to arrive. 


There was a time when such waiting was necessary, lets YOu have YOu [ 


but no longer. Many of the available radio- u , 
pharmaceuticals have now reached the stage when enti re week S 
they can be integrated into the mainstream of i 

medical and hospital practice and can be "at hand” 


* 
when needed. In particular, the unique 5-day needs at one ti e 
precalibration of Squibb radioisotopes makes the i | I ] 





The Priceless Ingredient’ of every product 
SQUIBB is the honor and integrity of its maker, 





TELEGEIVI 


DIAGNOSTIC X-RAY 
SYSTEM 





eThe Time Table” 


One solution to an increasing patient load. The Telegem system combines fluoroscopic, 
radiographic and tomographic functions into one compact unit, to speed the exami 
nation — eliminate duplication of patient and equipment positioning. Every function 
is controlled from a radiation shielded operator’s console that pivots, providing 
ready access to the patient. There are options, but these features are standard: 
Automatic fluoroscopic and radiographic beam collimation; serial Bucky program- 
ming; console-controlled palpation; tube extension to 60 inches, angulation through 
80 degrees; 90-15 table movement and four-way top excursion. There’s more, 
much more. A GE representative will be happy to tell you just how much more. 


Progress is our most important product 


GENERAL CD ELECTRIC 


X-RAY DEPARTMENT +« MILWAUKEE, WIS. 53201 
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This is the business end of a sim 
self-contained unit' that providet 


sterile; pyrogen-free’ technetium‘ 
Quickly: Safely.’ Reliably: 


1. Simple, self-contained unit — Nothing else 
needed. Nothing. 


2. Sterile — Every generator is autoclaved before 
shipment and each eluate is forced through a final 
0.22 micron sterilizing filter as an extra precaution. 
Further: user is notified before calibration time if 
there is any bacterial or mycotic growth. 


3. Pyrogen-free — Every generator is tested. fof 
pyrogenicity before shipment. | 


4. Technetium — As the pertechnetata ion. E d 
guarantee the amount of technetium obtainable id 
from each generator. No vagueness. about ' "yield" | 








5. Quickly — The entire elution and assay pro 
takes only a few minutes. And speaking of time 


cause of a simple, logical sequence, and a pro- igs 


fusely illustrated, refreshingly. simple 
manual, only a few minutes are need sd to 
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the entire procedure — even without any relevant 
prior expe-ience. 


6. Safely — Patient safety derives from points 2 and 


3 above amd this: every elution. is. easily. and pre- | | 
cisely checked for possible molybdenum break- 


_ through; simple, accurate radioassay materials are. 
included fer bs dd all ap "e pital personnel 
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SQUIBB 


a research concept in radiopharmaceuticals 





A Cd i need for ordering separately after each referral a 
re you or er ng thing of the past. Most laboratories can pretty well 
: : estimate what their approximate weekly need will be, 
(d t so that everything can be ordered in one shipment 
ra IO | SO Q Des to arrive on any given day. Thus, when a patient is 
" referred, the diagnostic agent is already on hand and 
Y) | P, the test can be run immediately. Moreover, there is 
D | CC e ea x only one shipping charge. And if the material arrives 
for use during the latter part of the working week, 


Squibb will bear the cost of radioactive decay 
over weekends. 


If you want to know more about this unique service 
feature, please contact your Squibb professional 
representative. He can arrange for a weekly "blanket 
order" that is shipped to you automatically for 
arrival on any day you specify. 


It is also important that you know of the unique 
Squibb "prefill" program that anticipates and 
programs radiopharmaceutical parenteral produc- 
tion so that sterility and pyrogen test data are "in 
house" before the material is released. Thus, Squibb 
good manufacturing practices assure— even with 
radiopharmaceuticals — the same high standards you 
would expect in any regular parenteral preparation. 


These are only a few of the many important features 
and services available to you when you use Squibb 
radioisotopes. Your Squibb representative will be 
happy to give you more details. 





Are you ordering separately after Medotopes' 


each referral and then rescheduling 


the patient? Most drugs are on hand oquibb Radiopharmaceuticals 
when the patient needs them. 
Why not radiopharmaceuticals? 


If a hospitalized patient needs blood, he can have it u nN IC] ue 5 z day 


within minutes. If an ill patient needs penicillin, it can 


" a 
be prescribed immediately. But if he should need a re cal | brat on 
radio-diagnostic test, he may have to wait several D | 


days for the material to arrive. 


mee was a tme when such wating wasnevessay, dete you have your 


but no longer. Many of the available radio- " y 
pharmaceuticals have now reached the stage when enti re week S 
they can be integrated into the mainstream of 

medical and hospital practice and can be “at hand” 


a 
when needed. In particular, the unique 5-day needs at one t me 
precalibration of Squibb radioisotopes makes the 


The Priceless Ingredient’ of every product 
SQUIBB is the honor and integrity of its maker. 





Master jacket is dense, high-impact Fiberglas. Non-sweating; 
won't crack or bulge. 

smooth inner surface with widely rounded corners makes it far 
easier to clean than a stainless steel tank. 

Inserts are type 316 stainless steel for rapid heat exchange and 
high corrosion resistance. 

Towel rack included as standard equipment. 


No. 318.T. Fiberglas tank with two 9-gallon inserts 
No. 318-T-H |... Fiberglas tank with two 2V5-gallon inserts 


No. 346-TV-L. Thermostatic control valve (photo at left) controls 
water temperature automatically; has manual lever for easy adjust- 
ment to desired temperature, Includes mixing chamber, flow control 
valve, check valves, vacuum breaker, replaceable filters and dial- 
type thermometer. 

No. 347-TV-L. Same as above, but without thermometer, vacuum 
breaker and flow-control valve. 

No. 318-TC. Overall tank cover; stainless steel. 

No. 326-TC, Insert cover for 5-gallon insert; stainless steel. 

No. 326-TC-H. Same as above, but for 217-gallon insert. 

No. 318-T-PB. Overflow plumbing, shut-off valve. 





Write for detailed literature 
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THE HEAD 
OF THE FAMILY 


A unique and important feature of AECL’s family of 


COBALT 60 TELETHERAPY UNITS is the concept of 
unified design. Although each of the units is devised to 
meet distinctly different clinical requirements, they are all 
closely related from a design and manufacturing viewpoint. The 
resulting benefits include more precise quality control, interchangeable 
accessories and of course, the substantial savings of quantity production. 
These benefits are realized in the clinic through greater efficiency, higher 


unit quality and lower cost of purchase and operation. 


We would like to tell you more — we would like to give you facts, figures and 


specifications. We have representatives all over the world. Write for full information. 


Telephone 613-728-1841 ATOMIC ENERGY OF CANADA LIMITED Backed by a five 


Cable "NEMOTA" Commercial Products * P.O. Box 93 + Ottawa * Canada year warranty 
66:2M 
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a simple unit 
permits exposures 


14 by 56: 


same table can also be used 
for routine radiography with 
or without bucky. 


For complets information contact 
your dealer or write to: 


SCHICK 
pi 33 
X-RAY » 


SCHICK X-RAY CO., INC. 


415 Green Bay Road « Wilmette, Illinois 60091 
Phone (312) 256-4700 
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A new capability... 
Round/Rectangular Collimation 


with the Machlett-Videx Collimaster 


to achieve a greater reduction of off-focus 


radiation combined with unusual flexibility MACHLET 


in the selecting of field size. 


CN 
This is a 
Machlett-Videx 


Round/Rectangular Collimation: 
Any Geometry Without Attachments 


: | 








Routine High definition Typical large 

image areas image areas area coverage 

(gall bladder) (sinus & mastoids) (abdomen) 
Lo * 

Selective Special 

area coverage technique coverage 

(esophagus) (femoral arteriogram —14"x 36" at 64") 





Special beam shapes This is the collimator: 


(mammography) " » 
Machlett-Videx Collimaster 

For descriptive brochure on the 

Machlett-Videx Collimaster write to 

The Machlett Laboratories, Inc., Springdale, 

Connecticut 06879. 


THE MACHLETT LABORATORIES, INC. 
RAYTHEON g 





SUBSIDIARY O F RAY TH EON COMPAN Y 
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prefer your 
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AS YOU NEEDIT, . T 
ALL WEEK LONG  ~_ 

ma 
39Mo/99mTc Sterile Generator 
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FAST...EASY...ECONOMICAL 



















m entire system sterile...one-time entry to oul 
m high-yield...high chemical purity ig 
m multiple daily elutions possible E AT 
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SUPPLIED: 100, 200 ATORIES, INC. — 


or 300 mCi at noon, 

New York time, on Mondays 
following shipment; 

in nonreturnable lead  . 
container, with complete | 
eluting accessories. 
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PRECALIBRATED 
READY-TO-USE 


TM 


4 


INDICATIONS: Brain scanning. CONTRAINDICATIONS: sodium pertechnetate Tc 99m 
: Should not be administered to pregnant or lactating SUPPLIED: In lead-shielded vials in con- 
women, or to patients under the age of 18 years, except venient COMPUTERCAP™ packaging; 10 or 
when necessary diagnostic information cannot be ob- 15 mCi at the time of calibration. 
tained by other types of studies or can only be obtained 


at a risk greater than the radiation exposure caused by 
this drug. WARNINGS: As with all radiopharmaceuticals, 
dose should be limited to smallest reasonable amount 
consistent with greatest value in terms of relevant diag- 
nostic information; PRECAUTIONS: Approved radiation 
safety precautions should. be maintained at all times. 
ADVERSE REACTIONS: None reported to date; however, 
patients should be carefully observed. DOSAGE AND 


ADMINISTRATION: 2 to 10 mCi, administered by intra- 
venous injection. 


Physicians should consult product package insert before 
- administering. 


NEISLER LABORATORIES, INC. 
Subsidiary of i 


- UNION CARBIDE CORPORATION 
Radiopharmaceutical Dept. 
P.O. Box 433, Tuxedo, New York 10987 
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“Silent” gallbladders 
speak more clearly 
with Telepaque 


With Telepaque no picture of the gallbladder tells you plenty —usually, 
the presence of gallbladder disease*. When you get full visualization, you 
can be sure there is no gallbladder disease. And with Telepaque you can 
depend on your diagnosis! 


Telepaque actually provides a dynamic picture of gallbladder function— 
not just merely a static or passive filling effect. This is why Telepaque, 


with its unexcelled record of diagnostic accuracy, 98.35 to 100% in 
large-scale studies, has long been the contrast agent of choice in oral 
cholecystography and cholangiography. 


Contraindieations: Contraindicated in advanced hepatorenal disease or severe impairment of 
renal function, severe gastrointestinal disorders that prevent absorption, and in patients sensitive 
to iodine compounds. 
Precautions: Severe, advanced liver disease may interfere with metabolism of Telepaque, thus 
increasing the excretory load on the kidneys, Although renal difficulty has rarely been attributed 
to Telepaque, renal function should be assessed before cholecystography in severe, advanced 
x | liver disease, and renal output and hepatic function should be observed for a few days after the 
B procedure. Patients with preexisting renal disease should not receive high doses of cholecysto- 
graphie media, Possible renal irritation in susceptible individuals could result in reflex vascular 
spasm with partial or complete renal shutdown. Caution is advised in patients with coronary 
disorders, especially those with recent symptoms of coronary artery disease. Blood pressure 
should be observed after administration of cholecystographic media to these patients, Elevation 
of protein-bound iodine for several months and false positive urine albumin tests (for three 
days) may occur after ingestion of iodine-containing cholecystographie media. 
Adverse Reactions: Most reactions are mild and transitory; serious side effects are very rare. 
Gastrointestinal effects (diarrhea, cramps, nausea, vomiting) are the most common. Usually the 
diarrhea consists merely of a few loose stools, although in isolated cases it may be severe. A mild 
stinging sensation during urination may occur, and rarely, skin rash, urticaria, pruritus, and 
flushing. One case of thrombocytopenia has been reported in a patient with a history of conjunc- 
tival hemorrhages. Subjective complaints have been: dryness of throat, burning on swallowing, 
heartburn, sore throat, dizziness, and headache. 
Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. 
Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes of 5 and 25 envelopes; also bottles 
of 500. 


* However other unusual causes of nonvisualization are occasionally encountered, 


Tel e D ad q u e for precise oral cholecystography 
and cholangiography 
brand orlopanoic acid 


Wi; enc fon aus ] WINTHROP LABORATORIES 
Winthrop "] PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS New York, N.Y. 10016 
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| RADIOP ARMACEUTICALS. 


TBI DIAGNOSTIC SYSTEMI by Mallinckrodt/Nuclear 


Now for the first time you can enjoy the re- 
reducit ease and convenience of a T-3 
test complete in every detail, from test kit to 
final report form . . . all from a single source. 


It's Mallinckrodt /Nuclear’s TBI Diagnostic 


! System—the easiest, most reliable in vitro thy- 


roid function test... now easier than ever. 
With M/N's new TBI digital Computer, de- 

signed exclusively for this test, the entire test 

procedure takes even less technician time than 


before... less than half any other. Simply 
E inser rt control serum and press a button. Re- 
move the control serum, insert patient serum 


and press a second button. The Computer 


oe gives the Thyro Binding Index in a direct 
digital readout. No calculations. No needle 


pare lax. No guesswork. 





‘BI € complete Diagnostic Systems also give 
you these benefits: 


a Direct measurement of binding site uptake. 





Write for these booklets. 





. Mallinckrodt/ Nuclear 
Box 6172 Lambert Fieid, 
St. Louis, Mo. 63145 


Dear Sirs: 
Please send me complete information - 
. on the new TBI Diagnostic Systems. 


Name BAO DE — |. —— |.  . 
Position or Department 


Laboratory or Hospital 


m Exclusive TBI buffer assures exceptional 


reproducibility and stability with unmatched 
accuracy for hypo-, eu-, or hyperthyroid 
evaluation.* 


m No need for temperature corrections or 


critical timing. 


m Each serum is counted just once, for a mini- 


mum of serum handling. 


m “Matched control” included. 
m Comes complete with TBI report forms for 


laboratory and physician records. 


Mallinckrodt/Nuclear TBI Diagnostic Sys- 
tems were designed from long experience with 
clinical laboratories to provide the perfor- 
mance pathologists have been looking for—the 
T-3 test system of choice. Leasing can also be 
arranged to eliminate the necessity for equip- 
ment investment. Write for full details on TBI 
Diagnostic Systems. 


*In tests performed on over 2200 patients, the 
TBI test was reported in agreement with final 
clinical diagnosis in over 90% of the cases. 
Ref.: Scholer, J.F., J. of Nuclear Med., 
May '63, p. 192. 
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Super speed? Radelin S 


STILL 
SHORTER 
USES 


RADELIN TYPE STP-2 SCHEENS are 30% tastes than cutrantiy 
vaiga high soestt scri eng OP ecto ibrougtsout the enting 
uatha raifiographic tange (45 te 160 Kvp 
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UNITED STATES RADIUM CORPORATION 
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High speed? Radelin TF-2 





RADELIN TF-2 X-RAY SCREENS 


When you must have speed without sacrificing quality. 


Medium speed? Rādelin T-2 


Ultra Detail? Rādelin UD 


for the finest detail possible with screens. 





Rādelin X-ray Screens fill every radio- 
graphic requirement. Try them and see. There is a difference in Radelin T-2 Screens. 


ira. pieced Aiffsteoch and st can be seem eechielly impet Radehz. tring 
Xa vasSOIDE a pais at fiekaia Te eral GRADS - YET Qe lakk n Epp. 

RTH RAR sug Sb RGR SARN mun. ST pe etae. Ros nÈ tle aganti Sarin. 
we ppemi peéveta There's a diffs, ie aw cA qu& Pow PUARE augeri, 


T F 0 RATI 0 N is. fe WHAT You "i EBEA tie use et dolere tet Kaufen T-t aeea. 
E d : rais sedi : 
RADELIN DIVISION UNI ED STATES RADIUM CORP E Haa Radetin TE medium agent arrens eI 
cogs d 


Aer tel &H weweibón arforsnatian frnen lon 


mis Fwd ike dmi BADELN, 
M 6 R R ISTOWN $ N * a * po ae E CET 


tras Febrivatuist Seila obra ple. 


Offices and Plants: Oak Park, tL, North Hollywood, Cabf., PON 
Bioomshurg, Penna., Whippany, N. J. Subsidiary: Radelin Lid., oaa N UNITED STATES RADIUM CORPORATION 
Cooksville, Ont., Canada, Affiliate: U. S. Radium Corp. (Eurcze) prs nM xe rrr red iet 


3 Tw dM. DAA Niih UE iun aor iyii, Rae, Mafian 
Geneva, Switzerland. 





Visit Us At The Roentgen Ray Society Meeting, Booth 96 











tinuous scan 


thermography 


Thermovision the first 
and only thermographic 
equipment offering 
continuous image 
presentation for 
medical diagnosis. 


The thermal pattern of the 
human body appears live on a 
5" TV-like cathode ray tube on 
which the brightness level in the 
picture corresponds to the 
temperature level in the heat 
pattern. Measurements of 
temperature differentials are 
instantly recorded by 
superimposed isotherms with an 
accuracy of .2? C, 

For the medical record of the 
patient, a photograph of the 


thermal pattern can be taken in 
seconds on Polaroid, 35mm or 
70mm film. 

How do those features of 
AGA Thermovision improve 
current procedure of producing 
thermograms? 


1 The time a patient has to spend 
in front of the instrument is 
reduced to a minimum, due to 
Thermovision's rapid scan of 16 
frames per second. Particularly 

in large scale screening 
programs, this is a vital cost factor. 
2 Sensitivity range, brightness 
level and contrast can be adjusted 


to optimum settings before a 
photograph of the image is taken. 


3 Accurate quantitative data can 


be recorded on film in form of 
superimposed isotherms which 
make secondary analysis of 
thermograms unnecessary. 


4 Transient temperature 
conditions like those resulting 
from artificial cooling of certain 
areas, or from the injection of 
drugs which affect the heat 
pattern temporarily, can be 
observed while the thermal 
changes occur. 

We believe the versatility 
and efficiency of AGA 
Thermovision will help improve 
thermographic techniques and 
open doors to new approaches in 
thermography. 


For further information, contact: 


THERMOVISION.:.. 
AGA Corporation, 550 County Avenue 
Secaucus, N. J, 07094 (201) 866-3344 





FLUORICOIN 


COMPACT-VIDEO IMAGE INTENSIFIER 
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Critically 
Precise 
Fluoroscopy 





The Fluoricor. Compact-Video image intensifier combines 
a conversion factor of 80 and maximum detail with TV 
monitoring. The Relicon TV system is designed expressly fc 
image intensification and clearly reproduces the total 
information available on the intensifier tube. The 

compact size and light weight of this unit make it easy to 
position without power assistance. Optional 

additions to the Fluoricon Compact-Video include; 

70-mm spot-film camera with automatic exposure 

control and video tape. 


Continuous reliability for every viewing and recording 
technic is a major advantage of the entire General 
Electric line of image intensifiers — full-function 
Fluoricon IL, Compact-Video or Compact-Optical. For 
accuracy, reliability and convenience, they are the finest 
diagnostic performers on the market. When there s no 
room for error, there's room for Fluoricon. 


Progress fs Our Most Important Product 


P Nyy 





X-RAY DEPARTMENT * MILWAUKEE, WIS. 53201 





COMPACT-OPTICAL FLUORICON I 


PUT THESE NEW BOOKS 
IV ROENTGENOLOGY TU 
WORK FOR YOU 


SELECTIVE RENAL ARTERIOGRAPHY: Its Application to 
the Diagnosis of Renal Vascular and Parenchymal Lesions by 
[van L. Bunnell, State University of New York at Buffalo. Docu- 
ments the contributions of the selective technique to the study of 
the renal vascular tree... demonstrates its clearcut superiority ever 
that of the more usual study by aortography. Emphasis is on the 
safety of this practice. Feb. '68, about 160 pp. 185 il., 4 tables. 


AN ATLAS OF PATHOLOGIC PNEUMOENCEPHALO- 
GRAPHIC ANATOMY by Giovanni Di Chiro, National Insti- 
(ute of Neurological Diseases and Blindness, Bethesda, Md. (With 
contributions by Mannie M. Schechter and Ingmar Wickbem). 
Covers the entire spectrum of abnormal pneumoencephalo- 
graphic syndromes—presented in reproductions the same size as 
the original roentgenograms. Jan. '68, 594 pp. (11 x 815), 926 il. 
(5 in color), $49.50 


ROENTGENOGRAPHIC DIAGNOSIS OF BLADDER TU- 
MORS by Erich K. Lang, Methodist Hosp., Indianapolis. Ac- 
quaints the reader with all roentgenographic techniques comple- 
menting clinical diagnosis and staging of bladder tumors. Con- 
clusions were based on a detailed study of roentgenographic, ar- 
teriographic, pathologic, and clinical examinations of some 680, 
unselected, bladder tumors. Jan. ’68, 132 pp. (7 X 10), 94 il., 11 
trables, $9.75 


CANCER THERAPY BY INTEGRATED RADIATION AND 
OPERATION compiled and edited by Benjamin F. Rush, Jr., 
and Robert H. Greenlaw, both of Univ. of Kentucky College of 
Medicine, Lexington. (40 Contributors) Basic experimental data 
concerning combined therapy is presented along with known fac- 
tors concerning dosage, time of treatment. types of trcatment, and 
inter-relation of treatment. Feb. '68, about 228 pp. (7 X 10), 58 il., 
82 tables. 


LUNG CALCIFICATIONS IN X-Ray Diagnosis by Emanuel 
Salzman, Univ. of Colorado School of Medicine, Denver. Reviews 
the existing clinical knowledge of diseases causing calcific deposits 
in the lungs. Classifies patterns of calcifications encountered in 
these diseases, emphasizing their distinctive features. Offers the 
physician a reliable method for reaching the most accurate diag- 


nosis. Jan. '68, 132 pp. (634 X 934), 74 il., $7.50 


Ce 


CHARLES C THOMAS * PUBLISHER 


301-327 East Lawrence Avenue 
Springfield * Illinois * U.S.A. 


You'll also be interested in 


these new books... 


[] COMPUTERS IN MEDI. 
CINE: A Primer for the 
Practicing Physician by Sid- 
ney O. Krasnoff, Albert Ein- 
stein Medical Center, Phila- 
delphia. '67, 144 pp. 46 il., 
$6.75 


[] CANCER IN PREGNANCY 
by Larry McGowan, Hahne- 
mann Medical College and 
Hospital, Philadelphia. 67, 
160 pp., (Amer. Lec. Living 
Chemistry edited by I. New- 
ton. Kugelmass), $7.50 


[] ILLUSTRATIVE CRA- 
NIAL NEURORADIOLOGY 
by Alfred L. Schmitz, Uni- 
versity of California, Los An- 
geles; Samuel B. Haveson, 
University of Southern. Cali- 
fornia, Los Angeles; and 
Duke Hanna, Freeman Me- 
morial Hospital, Inglewood. 
'607, 404 pp. (84% x 11), 532 
il. (1 in full color), (Amer. 
Lec. Roentgen Diagnosis ed- 
ited by Lewis E. Etter), $31.50 


[] THE FUNDAMENTALS 
OF X-RAY AND RADIUM 
PHYSICS (4th Ed., 3rd Ptg.) 
by Joseph Selman, Univ. of 
Texas, Tyler. '67, 498 pp. 
306 iL, 16 tables, $10.50 


O ERROR AND VARIATION 
IN DIAGNOSTIC RADI- 
OLOGY by Marcus J. Smith, 
St. Vincent Hospital, Santa 
Fe. '67, 208 pp. 68 iL, 18 
tables, $8.75 


O CLINICAL RADIOISO- 
TOPE SCANNING by Yen 
Wang, University of Pitts- 
burgh, Pa. ’67, 260 pp. 
(634 X 934), 280 il., 8 tables, 
(Amer. Lec. Roentgen Diag- 
nosis), $12.50 


NOW 


L-F ADDS 
HIGH DIAGNOSTIC 
QUALITY 


ALUMINUM 
INTERSPACED 
GRIDS! 








Announcing a new line of L-F Aluminum 
Interspaced Grids—the 103 line Ultralüm 
Grid and the 85 line Micralüm Grid. Both 
available in parallel,- focused, or crossed 
types—and in ratios from B to 12:1. 
These new grids complement the well- 
known line of L-F Fibre Interspaced Grids 








with 105, 80 or 60 lines per inch. Now 
today's widest choice of x-ray grids iS 
available from a single source—Liebel- 
Flarsheim. And thats the name you can 
count on for highest quality. 

Write for details or see your x-ray equip- 
ment supplier. 


| LIEBEL-FLARSHEIM COMPANY 


CINCINNATI, OHIO 45215 


DIVISION OF RITTER PFAUDLER CORPORATION 
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Cobalt- 60 
Teletherapy 











Most people remember us as 
"The Source With Integrity." 
Today U.S. Nuclear Cobalt- 
60 Teletherapy Reloads...in 
1.5 cm, 1.75 cm, 2.0 cm and 
2.9 cm diameters...are avail- 
able for prompt shipment. 


We guarantee source out- 
puts (calibration traceable to 
the National Bureauof Stand- 
ards), doubly encapsulated 
in stainless steel, heliarc- 
welded capsules. In addition 
we make a normal check-out 
of your teletherapy equip- 
ment. 


When you call us collect 
you'll make our conversation 
memorable by supplying the 
following facts. First, tell us 
the make and model of your 
teletherapy unit. Then give 
us the RHM output of your 
present source and capsule 
diameter in centimeters. 
Finaily, let us know the RHM 
output and capsule size of 

noc .. ME |» . the source you would like to 
nb SERT ea Non ende HV) [I order. This information lets 
ca xn s d m — usquote you a price as easy 

a to remember as our name. 

BUT. 


"e 2 lI Bar 


Jin of International! Chemical A Nuclear Corporation 
A01! North Lake £ Burbank Cabtfornia 815067 
e 213 


THE SOURCE Wi 
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SQUIBB 


a research concept in contrast visualization 


for better definition 
of disease: 
documenting 
differences 
between 

oral contrast agents 


no.2 in series: 


Oragrafin 
Squibb Ipodate 


maximum 
concentration 

with better patient 
toleration in oral 
cholangiography and 
cholecystography 


For rapid or routine studies of the gallblad- 
der and biliary ducts, Oragrafin provides 
rapid, more complete absorption, for maxi- 
mum concentration and excellent contrast. 


definition of maximum concentration 

high absorption index—" No one will dispute 
the statement that the diagnostic reliability 
of oral cholecystography depends upon the 
degree of absorption of the contrast me- 
dium employed.” Radioisotope studies with 
ipodate sodium show a markedly improved 
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absorption index (approximately 70 per 
cent) with no increase in the toxic proper- 
ties.! 


less bowel residue — "Incomplete and varia- 
ble absorption of a cholecystographic agent 
is not desirable, for the opacification of the 
gallbladder is then less dependent on the 
status of the gallbladder and more a re- 
flection of the percentage absorption." ? 
"Opaque material in the bowel was found 
in 46 per cent of [105 patients in] the... 
[iopanoic acid] group as compared with 9 
per cent of those [99] of the [Oragrafin So- 
dium Capsules]...group.”* In another study, 
49 of 100 patients receiving iopanoic acid 
had residue in the gastrointestinal tract, 
while only 15 of 100 patients receiving 
Oragrafin had such residue? 


excellent opacification—“|In addition to its 
ease of administration and safety, its prin- 
cipal advantages are a high yield of diag- 
nostic films...."^ 


definition of better toleration 

low incidence of untoward reactions — In 
contrast to findings with other cholecysto- 
graphic agents, Lewitan and Garcia? re- 
ported in their 246 patient study: "With 


ipodate calcium...there was no clinical evi- 
dence of immediate or delayed nephrotox- 
icity in any of the patients given it...."5 To 
study possible renal toxicity, "Creatinine 
clearance tests were also done before and 
aftér administration of multiple doses in ex- 
cess of 6 gm. in 8 cases, and showed no 
significant alterations."? However. "Multiple 
doses beyond 6 gm. are not recom- 
mended.” In their study of 120 patients, 
Glenn and O'Brien reported "...no reac- 
tions in this series of patients attributable 
to the administration of [Oragratin]...."4 
And, McCrory reported that Oragrafin was 
“...used routinely in cholecystographic 
studies in approximately 2000 patients with 
excellent diagnostic films and only rare and 
mild reactions. '€ 


9 


side effects compared to iopanoic acid 


side effects encountered in administration 
of 3 Gm. of Oragrafin Sodium Capsules and 
3 Gm. iopanoic acid * 


Oragrafin Sodium Capsules 


(Squibb Sodium iopanoic 
Ipodate) acid 
—— RO, di aÀ—À€ NE od NN 
no. of cases 99 105 


S 
no. of side effects 
SEASSA 


nausea 


slight 10 14 

severe 2 6 
TORRE 
vomiting 0 1 
í———————————— ÁÉÁR— REDDERE 
diarrhea 

mild Y 22 

severe 3 16 
m LN 
cramps 5 19 
dysuria 9 13 
TSR 
total/per cent 36 (36.30) 


87 (82.9%; 
"Adapted from White, W. W., and Fischer. H. W.2 


Juhl,? in his study of 200 patients (100 on each agent), 
found no significant difference between lopanoic acid 
and sodium ipodate in the incidence of nausea: vomiting 
occurred in an equal number of cases. 





definition of convenience: 
Oragrafin: 
Calcium 


Granules 
oquibb Calcium Ipodate 


visualization of poorly functioning gallblad- 
der reduces the need for I.V. studies— In a 
concentrating gallbladder, Oragrafin Cal- 
cium Granules (Squibb Calcium Ipodate) 
will show storage, concentration, delivery 
or stones. A patent bilidry duct can gener- 
ally be expected to visualize. Provided the 
cystic duct is patent, Oragrafin will visualize 
the normal gallbladder, the abnormal gall- 
bladder containing papillomata, nonopaque 
stones or radiodense calculi, and gallblad- 
ders where concentrating power is dimin- 
ished. 


patient convenience Routine cholecystog- 
raphy night-before procedure is easy fer 
patients to follow; palatable granules fur- 
ther enhance patient acceptability. Rapid 
clearance of medium permits same-day ad- 
ministration and gallbladder and ductal 
films, and, if necessary, same-day re-exam- 
ination; reduces need for |.V. studies. 


Optimal concentration in the hepatic and 
biliary ducts usually occurs within 1 to 3 
hours. Although the gallbladder is optimally 
opacified 10 hours after ingestion of the 
agent, diagnostically valuable information 
can often be obtained within 5 hours or less. 


rapid absorption permits 

same-day re-examination—To determine the 
cause of nonopacification after routine cho- 
lecystography, most physicians require re- 
examination by repeating the procedure at 
a later date (sometimes doubling dose), or 


by administering more agent the evening of 
the first unsuccessful examination (again 
sometimes doubling dose), and repeating 
the study the next day. "The advantage of 
the calcium ipodate method is that the ex- 
amination can be completed in five addi- 
tional hours with a limited dose of contrast 
agent."7 


a valuable medium for 

peroral cholegraphy®— Rapidly absorbed 
from the gastrointestinal tract, calcium ipo- 
date has been reported by some investiga- 
tors to be diagnostically superior to other 
oral cholangiographic contrast agents. With 
careful timing of the examination and the 
use of tomograms or laminograms, the fre- 
quency of good results can approximate 
that obtained with intravenously adminis- 
tered agents. According to Lewitan and 
Garcia,» the medium's relative safety 
makes it a valuable medium for peroral 
cholegraphy. Timesaving and economical 
Oragrafin Calcium Granules may be partic- 
ularly useful in certain patients for whom 
I.V. radiography presents potential hazards, 
such as elderly patients, those with cardio- 
vascular disease, or patients who may 
exhibit sensitivity to the test dose of an in- 
travenous agent. 


Unique among oral media, Oragrafin Cal- 
cium Granules permits same-day films of 
the gallbladder and ductal system. 


dosage schedule for films of gallbladder 
and ductal system 


8 A.M. 2 packets of granules 


9 A.M. visualization of ducts 
10 A.M optimal visualization of ducts 
1 P.M. visualization of gallbladder 


References: 1. Sanen, F. J.: Amer. J. Roent- 
gen. 88:797 (Oct.) 1962. 2. White, W. W., and 
Fischer, H. W.: Amer. J. Roentgen. 87:745 
(April) 1962. 3. Juhl, J. H., et al.: Radiology 
80:87 (Jan.) 1963. 4. Glenn, J. C., Jr., and 
O'Brien, P. S.: Southern Med. J. 56:167 


in oral cholangiography 
and cholecystography 


Oragrafin 


Squibb Ipodate 


for maximum 
concentration with 
better patient toleration 


(Feb.) 1963. 5. Lewitan, A., and Garcia, J. F.: 
Amer. J. Dig. Dis. 70:219 (March) 1965. 
6. McCrory, E.: J. Tenn. Med. Ass. 58:258 
(Aug.) 1965. 7. Crummy, A. B.: Wisconsin 
Med. J. 65:84 (Feb.) 1966. 


Contraindications: Contraindicated for per- 
sons sensitive to oral iodine compounds or 
for patients with combined renal and he- 
patic disease or severe kidney impairment. 
Gastrointestinal disorders, which may inter- 
fere with absorption, or liver dysfunction, 
which may result in inadequate biliary se- 
cretion of medium, are likely to result in 
unsatisfactory visualization. 


Precautions and Side Effects: Mild and tran- 
sient nausea, vomiting, or diarrhea some- 
times occur; but the incidence can be 
reduced by using the calcium granules and 
restricting the dosage to 3 Gm. Transient 
headache, dysuria, or abdominal pains may 
occur. 


Hypersensitivity reactions may include urti- 
Caria, serum sickness-like reactions (fever, 
rash, arthralgia), other skin reactions, and 
rarely anaphylactoid shock. They are more 
likely to occur in the individual with a his- 
tory of allergy, asthma, hay fever, or urti- 
caria and in the individual who is known to 
be hypersensitive to iodine compounds. An- 
tihistamines and corticosteroids are used 
to control hypersensitivity reactions; but 
the occasional serious anaphylactoid reac- 
tions require the immediate use of epineph- 
rine or phenylephrine, oxygen, and intra- 
venous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Cal- 
cium Granules) is available in single-dose 
foil packets providing 3 Gm. of calcium 
ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in 
capsule form (Oragrafin Sodium Capsules) 
providing 0.5 Gm. sodium ipodate per cap- 
sule. 


SQUIBB 
The Priceless Ingredient' in every product is 
the honor and integrity of its maker. 


For brain scanning, Pertscan-99m pro- 
vides more information with less radia- 
tion to the patient than any other related 
cerebral test—whether other radioiso- 
topes or x-rays. 


Gives each projection fast—15 minutes 
or less with rectilinear scanners, 2 to 4 minutes 
with a camera. 


Supplied in a ready-to-use sin- 
gle dose vial. 


Carrier-free, non-pyrogenic, sterile, 
and isotonic. 





Oral or intravenous administra- 
tion in two sizes: 10 millicuries in 4 ml. and 15 
millicuries in 6 ml. 


Monday through Friday—and Sun- 
day ...allows scheduling of brain scans 6 days 
a week—Monday through Saturday. 


INDICATIONS: Adjunctive diagnostic aid in detect- 
ing and localizing intracranial neoplastic (primary 
or metastatic) and non-neoplastic lesions. 


CONTRAINDICATION: Radio-pharmaceutical agents 
should not be administered to pregnant women or 
to persons less than 18 years old unless the indi- 
cations are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as 
all personnel; to prevent extracranial contamina- 
tion because this can lead to errone- 

ous interpretation; and to differentiate 

areas of abnormal activity from areas 

of normal vascular activity. 802391 


TM-TRADEMARK 


If its a pulmonary problem, 


Macroscan-131 pictures it! 


Pulmonary embolism, suspected: To confirm 
(or rule out) its occurrence. 


pulmonarv tuberculc 
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: To estimate 
unilateral and regional function and perfusion 
el the lungs. 


iphysema: To evaluate the degree of focal 
ck of perfusion. 


neumonitis: To evaluate the decreased re- 
gional blood flow that occurs without obstruc- 
tion of vessels. 
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: To evaluate the regional ische- 
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mia resulting from compression or obstruction 
of iusto A arteries. 
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d : To evaluate the effectiveness of thera- 
Sauto measures. 

Macroscan-131 is sterile and non-pyrogenic. 
It is ready to use and should not be heated 
prior to use. 


INDICATIONS: For scintillation scanning of the lungs to 
evaluate total, unilateral, and regional arterial perfusion 
to the lungs. 


CONTRAINDICATION: Radio-pharmaceutical agents should 


not be administered to pregnant women, nursing moth- 
ers, or to persons less than 18 years old unless the in- 
dications are very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken to 
administer the minimum dose consistent with safety and 
validity of data. The possibility of an immunological re- 
sponse to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in 
acute cor pulmonale, because of the temporary small 
additional mechanical impediment to pulmonary blood 
flow. A possible case of urticara has been 

related to a similar preparation. The thyroid | 
gland should be protected by prophylactic ad- ZE 
ministration of concentrated iodide solution. 


802400 
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:xpands Your Radiographie View 


Electronic radiograph intensification—only General Electric Explorex 
gives you this diagnostic plus. The Explorex extends visual horizons 
by allowing you to control detail emphasis, edge enhancement, gam- 
ma enhancement, reversal of negative to positive image, brightness, con- 
trast, magnification, minification and input selection, Those challenging, 
difficult-to-diagnose radiographs become easier to interpret when 
viewed on the Explorex. And remote consultation is possible through 
full-function satellite stations. Explorex, the oy electronic radiograph 
intensifier. Your GE X-Ray representative hes all the details. 


Progress is our most importan: product 


GENERAL GA ELECTRIC 


X-RAY DEPARTMENT * MILWAUKEE, WIS, 53201 











do you 
DUI O 
orice tà 


researcns 


We don't know. That's why our prices 
are competitive .. , even though we 
invest more in research and innovation 
than most of our competitors put 
together. But we don't ask you to pay 
premium prices because we 
constantly update, improve and 
customize our service in the light of 
every new scientific achievement. 
We're specialists in the field of 
radiation safety . . . and excellence is 
what it's all about. There are no degrees 
of quality where so much is at stake. 
Want to talk it over? 





World's largest professional service for radiation dosimetry 


^ REGIONAL OFFICES 


Eastern Midwestern Western | 
103 Bayard Street 3920-—216th Street 10125 W. Washington Blvd. 
New Brunswick, N. J. 08901 Matteson, Itt, 60443 Culver City, Calif. 90230 


Phone: 201 — 246-1900 Phone: 312—748-7900 Phone; 213-839-3432 



























Tt ree days. A PRA Down- 


ow the problems it could 


on ething about it for 


- you can be sure 
serviceman on the 
then. And no 
a © in the country, one 





at is the curse. of the profes- 


ve know—even with 
equipment—that it 5 still 


0 pick up your tele- - 


of our servicemen: is waiting qst: a few : : EE 
hours away. from your office—maybe just. | 


a few minutes. 
Our servicemen can't do much with- 


out à complete. stock of. parts, so we've . i 
donè something. about that, too. The 


Profexray Division of Litton Industries 
has. beefed-up our field-stock of service 
parts. And in case we overlocked any- 


| thing, we now guarantee shipment of all | 
(^ Service. items from the factory on the 





e day ordered--even if we. have to 
swipe ‘em 1 off the assembly line. 


1 . deliver top-quality equipment to you. We. 
. make sure it works, too. And works, and. 








of course, on the other side of that 


| - coin is our philosophy of “build it right 


in the first place.” We must be doing a 
pretty good job there, too, because out. 
business is growing by leaps and bounds. | 

You see, our job doesn't stop when we. 















works, and works. E 
Maybe you "ll be our next custom ¢ 
you are, we promise you'll n never ha 
hang out that sign. 


Not for very long, anyway. 
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1 
THORACOMAT 


Exposures Down 


to 5 Milliseconds — 
Automatically Timed! 


$ 


SIEME! 





GIGA 


THORACOMAT 


A new device to position the small patier 
comfortably and accurately. The arm hole 
the rear screen permit holding the unhap 
child for those necessary few seconds. 
The Siemens IONTOMAT measures actual 
radiation coming to the cassette and with 
GIGANTOS generator exposures may be 
automatically concluded in a time increm 
as short as 3 milliseconds. 


GIGANTOS 

The fine 12-pulse solid state rectifier. 
1000 mA, 3-phase generator by Siemens. 
With its optional "falling load" it guarante 
the fastest exposure possible with only kV t 


Switch out the "falling load" and use it as: 
would any conventional generator. 
Mechanical "no fail" X-ray tube overload 
system and other exclusive features put 
GIGANTOS in a special class. 


Exclusive developments by Siemens. 


We have prepared special descriptive 
material on this system. Please ask a Siem 
representative or write us for your copy. 





Siemens Medical of America Inc., 685 Liberty Ave., Union, N.J. 07 
In Canada: Siemens Medical of Canada, Ltd., 4943 Sherbrooke St. West, Montreal 6, Q 








stercow 99M 


Technetium -99m 


For a long time the use of nuclear pharma- 
ceuticals based on radioisotopes of short 
half-life - such as technetium-99m - was 
restricted by geographical supply problems. 
But with the advent of isotope cows, in par- 
ticular the revolutionary Stercow 99m, the 
position has changed. Stercow 99m - any 
quantity - is despatched in disposable pack- 
ages during the weekend to wherever in the 
world you need it. Activity is pre-calibrated 
for the first day of use, usually Monday at 
18.00 hrs. M.E.T. and with elution efficiency of 
approximately 80% of the technetium in the 
generator guaranteed. Ordering is a simple 
matter of contacting the nearest Duphar 
representative. With Stercow 99m you need 


Nuclear Pharmaceuticals 


Any quantity. Expressed at the weekend in disposable packages 
to anywhere in the world. Activity precalibrated for Monday. 


never be without versatile technetium-99m. 
Further details will gladly be sent on request. 
Samples are available free of charge. 
Stercow 99m is manufactured by Duphar to 
the very high quality standards necessary 
for nuclear pharmaceuticals. A new design 
of sterile generator, it is available in three 
types with 150, 300 or 450 mc of the parent 
radioisotope Mo 99. Complete elution with 
15, 20 or 30 ml. When milked in the approved 
manner the resultant technetium-99m is ste- 
rile, non-pyrogenic and hence ready for im- 
mediate use - either orally or intravenously. 
The Duphar Shielded Stercow Milking Sys- 
tem gives additional safety and efficiency 
in the elution operations. 


oupian 


Contact our local representative or write 
direct to 

N.V. Philips-Duphar 

Cyclotron and Isotope Laboratories 

Petten - Holland 





Labelled Compounds C14 H3 - Enriched Compounds D, C13, N15, 018 - Nuclear Chemicals - Nuclear Products for Industry 
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AND THOUSANDS OF 
INSTALLATIONS LATER: A FULL 


REPORT ON THE KODAK RP 
X-OMAT SYSTE 


These year-and-a-half figures show 
Kodak 90-second processing has been 
widely accepted by the medical com- 
munity. Various studies and reports by 
radiologists are now in, and they begin 
to show the reasons for the overwhelm- 
ing acceptance of the revolutionary 
Kodak 90-second processing system. 

In brief, the consensus is that while 
maintaining quality, it saves wear and 
rear—on patients, radiologists, support 
personnel, and hospital facilities, it 
means greater efficiency, better patient 
core, capability to handle increased 
case loads in existing facilities, reduced 
examination-room occupancy per pa- 
tient. And it means radiographs of the 
same uniformity, high image quality, 
and diagnostic reliability radiologists 
have been expecting and getting from 
Kodak for years. 

All of this is easy to claim, of course. 
But it’s borne out by studies and re- 
ports from radiologists who have used 
the system for more than a year. Let's 
look briefly at some statistics, 


Increased efficiency 


According to an early study, it was 
projected that 90-second processing 
could mean the capability to handle 
cn 18-percent work-load increase over 
conventional 7-minute processing. In 
dispersed processing installations (an 
RP X-Omat Processor for each two ex- 
amining rooms) it was calculated that, 


on the average, examination-room oc- 
cupancy could be reduced up to 25 
percent; in terms of additional work. 
load capacity, that would mean an in- 
crease in patients per day of 31 per- 
cent over 7-minute central Drocessing. 
Radiologists using the Kodak 90-second 
processing system have found that it 
has more than lived up to the predic- 
tons of this study. 


Patient benefits 


In terms of the patient, virtually imme- 
diate delivery of dry, ready-to-read 
films means greater comfort, better 
care. There's no more shuffling patients 
in and out of examination rooms while 
waiting for film-adequacy checks; and 
because of immediate adequacy 
checks, there are no more patient call- 
backs. In terms of patien: comfort, 
there's reduced time under enesthesia, 
no hall waiting, and less time away 
from the patient's bed. This increased 
patient comfort is particularly evident 
in serial examinations. 


Radiologist benefits 


The Kodak 90-second processing sys- 
tem gives the radiologist the precious 
gift of time. As the number and com- 
plexity of radiological examinations 
grow [and the shortage of radiologists 
becomes more acute], the demands up- 
on a radiologists time increase pro- 
portionately. Almost immediate avail- 
ability of finished films permits greater 
utilization of examining rooms, thus 
extending the effective time of the ra. 
diologist and his staff. Time-consuming 
patient call-backs are eliminated, as 





radiographs can be checked before 
patients leave the examination room. 
Just as important, the radiologist has 
better control of radiographic quality, 

Dispersed 90-second processing uti- 
lizing the Kodak system enhances these 
benefits. There's no time-consuming 
transportation of bulky cassettes to 
and from central processing. Processed 
radiographs remain with the radio 
gist or technologist until the examina- 
tion has been completed; finished films 
are not subject to misfiling or loss. 


Hospital benefits 


For the hospital radiologist and the 
radiologist in private office practice, 
the Kodak 90-second processing sys- 
fem means greater economy through 
greater staff efficiency. Also it means 
that examination facilities that seem 
to shrink day by day under increasing 
case loads can do the job without fur- 
ther expansion. In some cases, hospi- 
tals have reported that faster patient 
service through rapid film access has 
actuaily shortened patients’ stays in 
the hospital. Dispersed installations 
further increase efficiency (examina- 
tion-room occupancy time may be de- 
creased by as much as 25 percent). 


Benefits to the technologist " 


The technologist benefits, too, by be- 
ing able to do his job more efficiently. 
For one thing, immediate film access 





minimizes chances of misplacing or 
misfiling film. For another, quality im- 
proves when the technologist is able to 
check technic before the patient leaves 
the room. In this way, finished radio- 
graphs can be correlated with the 
technic used. This, of course, can prove 
most helpful in instructing students. 
Finally, there is no lost time resulting 
_from the confusions of a processing 
backlog; films are processed as rap- 
idly as exposed. Only 6'/; minutes are 
required to process a 20-film series of 
14 x 14-inch radiographs in a Kodak 
RP X-Omat Processor, Model M6. 


What about results? 


Obviously, results are critical. One 
question most radiologists wanted an- 
swered before they converted to the 
Kodak 90-second processing system 





was: what about quality? Millions of 
sheets of film later, it has been con- 
firmed that the Kodak RP X-Omat Sys- 
tem is producing radiographs of high 
diagnostic readability time after time 
...and to the standard of quality 
you've come to expect from Kodak 
x-ray products. Additionally, because 
rapid processing permits immediate 
correlation of technic and results, 
quality improves still further. And for 
greater versatility, there are now three 
films from which to choose, depending 
upon the radiographic situation. 


Changing to "90" 


The compact Kodak RP X-Omat Proces- 
sor, Model M6, is the first processor de- 
signed for 90-second processing. After 
a year and a half of use in private offi- 
ces, clinics, and large hospital depart- 
ments, it's proven to be the answer to 
today's and tomorrow's processing 
needs. It takes less than 5 square feet 
of floor space and so is ideally suited 
to a wide variety of installation situa- 
Hons without extensive renovations. 
Yet with its 60-inch-per-minute capac- 
ity it gives the faster service, smoother 
traffic flow, and new efficiency of the 
Kodak RP X-Omat System. 


EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, N.Y. 


It pays to have a system 


All elements of the Kodak RP X-Omat 
System —the new films, processor, and 
chemicals - have been carefully built 
by Kodak to work together. Optimum- 
quality radiographs are provided by 
use of these compatible products. It's 
the only fully integrated 90-second 
processing system in the world. By uti- 
lizing Kodak 90-second processing as 
a system, radiologist and technologist 
have an exact knowledge of what they 
are working with and how they can 
expect it to perform. Instead of vari- 
ance, there's uniformity. The results? 
Dependable, predictable service day 
in, day out. 

Learn how the Kodak RP X-Omat 
System can benefit your private office, 
and hospital practice. Your Kodak g 
Technical Sales Represent- s | 
ative or Kodak X-Omat 
Dealer will be glad to 
discuss the benefits 4 
with you. 
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lf the barium preparations you've used up 
to now have all seemed pretty much alike, 
then it’s time to compare the contrasts 
with ESOPHOTRAST® (the ready-to-use 
esophageal cream) and BAROTRAST® (a 
micronized form of barium sulfate). 

One of the prominent problems with 
most contrast media is no small matter. 
Their large particles have a tendency to 
precipitate and to flocculate out of sus- 
pension with the slightest change in pH, 
mucin concentration, or enzyme activity. 
Not so with ESOPHOTRAST and BARO- 
TRAST, both of which are formulated to 
ensure an easy suspension that remains 
in suspension even during routine storage. 

Then too, a common feature of many 
other barium sulfates suggests a sticky 
problem. The varying size of the particles 
reduces their adhesive properties since 
not enough particles come into contact 
with the esophageal and/or intestinal lin- 
ing to provide complete coverage. With 
micronized ESOPHOTRAST and BARO- 
TRAST, a maximum number of particles 





are available to produce a tenacious elastic 
coating that lasts for the time it takes to 
"get the picture." 

ESOPHOTRAST, because of its specially 
formulated viscosity, provides a consist- 
ent, prolonged, residual coat that permits 
an excellent outline of the esophagus as 
well as an evaluation of cardiac size. Since 
it is premixed, ESOPHOTRAST is ready for 
instant use, which means longer visualiza- 
tion time and shorter preparation time. 
BAROTRAST, because of its natural vis- 
cosity, flows in a steady consistent column 
at a speed that can cut the upper G.I. se- 
ries and small bowel examination time al- 
most in half. 

Both formulations are creamy, nongritty 
and pleasantly flavored to help your pa- 
tient help you make the examination that 
much easier. 

Considering the barium sulfates in the 
light of this inside information, it would 
seem that there is a marked contrast. And 
all it takes is a little understanding to get 
the clear picture. 


Esophotrast - Barotrast 





E4 BARNES-HIND BARIUM PRODUCTS 


Subsidiary of Barnes-Hind Pharmaceuticals, Inc. 
Sunnyvale, Cant. 94086 


Du Pont 
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Even in the dark, production of CRONEX* film 
is under constant watch. 

Computers programmed to be intolerant guard 

every step in the name of Uniformity. 
«As CRONAR® polyester base snakes through 
the production line, sensors report thickness 
measurements to a computer which in turn sig- 
nals instant corrections. 

At the same time other electronic eyes scan 
the surface, memorizing the location of the occa- 
sional bubble or other defect so it can be sorted 
out when sheets are cut. 

While in the semidarkness of emulsion coat- 
ing, a third computer directs the mixing of in- 
gredients with pinpoint accuracy, split-second 
timing. 

Our plants at Brevard, North Carolina, and 
Parlin, New Jersey, are pulsing with feedback 
messages from these sensors. They're gossiping 
with the speed of light about the extremely uni- 
form film being produced. 

Film thickness variations, visual defects, and 
emulsion changes could interfere with what you 
want to see when you look at a CRONEX radio- 
graph. 

That's why we control them with the speed of 
light. So the CRONEX you get is as uniformly 
flawless as is humanly—and inhumanly- possible 
to produce. 

Film, after film, after film. 








IMPROVED 


Van de Graaff” j uS Improved Model AM Van Graaff is the SA of 
ACCELERATOR experience gained in 40 previous installations, 
MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 





Today's Model AM 2 MeV Van de » it can be operated easily by a The Model AM Van de Graaff is a 
Graaff Therapy Unit continues to technician without a staf physi- reliable, proven source of high- 
keep pace with the trend to low-cost — cist in attendance, energy radiation. It offers more 
precision therapy in leading hos- roentgens-per-dollar and has dem- 
pitals and cancer clinics through- onstrated less overall cost-per-treat- 
out the Free World. And for five ment than any other comparable 
good reasons: supervoltage source available today 


l — including radioisotopes, 
e its less than 3 mm "point source" B P 


of x-rays allows optimum technics 
for both large and small treatment 
fields. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales, 


e its treatment beam is accom- 
panied by negligible penumbra. 


* its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


€ Its x-ray output will not fall off, 
You can hold treatment techniques 


Today's Model AM is routinely operated 
and parameters constant. 


by an easily-trained technician. 





HIGH VOLTAGE 
ENGINEERING corporation 


BURLINGTON, MASSACHUSETTS 
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INTRODUCTION OF CALDWELL LECTURER, 1967 


By ROBERT E. GROSS, M.D, 
LADD PROFESSOR OF CHILDREN’S SURGERY, HarvarD MEDICAL SCHOOL 
Boston, MASSACH UsET TS 


We are honored this evening to have Dr. John Kirklin present the Caldwell Lecture and to 
receive the Gold Medal Award of the Society in recognition of his contributions to American 
Surgery. 

In introducing the speaker, the first thing to note 1s a word about his father —Dr. Byri R. 
Kirklin, who was a Professor in Radiology and Head of that Department at the Mayo Clinic. 
He was President of the American Roentgen Ray Society in 1937 and gave the C aldwell Lec- 
ture at the Annual Meeting in 1948. Therefore, young John is not only well qualified profes- 
stonally to be our di stingui shed lecturer, but he is also quali fied personally and sentimentally 
because of his father’s eminence in REII and also in this Society. 

Dr. Kirklin attended college at the University of Minnesota, from which he graduated in 
1936, first in a large class, summa cum laude. His medical education was at the Harvard Med. 
ical School; a review of comments made by course instructors through the four vears generally 
described the student as "outstanding." Dr. Elliot Cutler, the Professor of Surgery, intensely 
interested through his whole professional life in the te Bena of students, wrote down at the 
time that “this is the brightest medical student I have ever encountered." An annual prize had 
been established in the school in honor of Dr. Henry Christian, to be given "to the fourth year 
student who has displayed diligence and notable scholarship in his studies and offers great 
promise for the future." This award was given to Kirklin on Dr, Christian's birthday in 
February, 1942. In that year he was graduated, the first man in his class of 150, and was given 
an M.D. degree magna cum laude. 

The years ft om 1942 through 19439 were filled with various appointments giving him general 
surgical training and fulfillment of military obligations. 

In 1950 he was appointed to the active staff of Hie Mayo Clinic, and ever since has made an 
amazing number of important contributions to the field of surgery. We can summarize hts 
work very well from a study of his publications because he has been a most prolific writer and 
has put forth some three hundred articles. [t is astounding to see the great diversity of condi- 
Hons—more than forty-—which have held his attention. In the last tu elve years his efforts have 
been concentrated 1n NE. eld of cardiovascular surgery. There have been forty-seven articles re- 
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garding extracorporeal circulation, apparatus for conducting it, and methods for controlling 
itin such a way as to minimize alterations in humans for whom this technique is employed. 
There have been twenty-one contributions regarding mitral stenosis and insufficiency and 
eighteen more on various lesions of the aortic valve. He is particularly well known for one hun- 
dred contributions relating to various aspects of surgical treatment of congenital heart disease. 

It is obvious that Dr. Kirklin has not restricted himself to the technical aspects of surgery. 
One finds a strong attention to pathologic anatomy and where previously this had been vague, 
there have been appropriate studies to clarify anatomic knowledge. One finds that the man has 
given much thought to elucidation and control of physiologic disturbances in several of the 
cardiovascular conditions, [t has been obvious that there is a striking background from the ex- 
perimental laboratory, to devise or test new surgical approaches when there is need for these. 
Jt 15 surprising to find how often roeutgenologic aspects of many of the cardiovascular anoma- 
lies have been pointed out by him as important guides Jor the surgeon. [t is a measure of the 
honesty and objectivity of the man to see the numerous papers giving evaluations of short and 
long-term results of surgical repairs. Dr. Kirklin's writings are succinct, lucid, informative, 
and authoritative, Undoubtedly, many of them will become classics. Not a few of the contri- 
butions are among the great surgical advances in our generation. [t is fully evident that to de- 
velop and perform these techuiques-—and to teach them to others—are the marks of a great 
master. 

Dr. Kirklin belongs to some twenty professional societies, is a member of five editorial 
boards, The American Board of Surgery, the National Board of Medical Examiners, and is 
on the Surgical Study Section of the National [Institute of Health. He has been given an honor- 
ary Doctorate of Medicine and also one of Science. 

Dr. Kirklin was a most prominent member of the Mayo Clinic Surgical Staff from 1050 to 
1966, and for the last year has been Professor and Chairman of the Department of Surgery 
at the University of Alabama. 

ft is a real pleasure to present Dr. John Kirklin, who is widely regarded as the Dean of 
American Surgery today. 
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THE TETRALOGY OF FALLOT* 


CALDWELL LECTURE, 1967 
By JOHN W. KIRKLIN, M.D. 


BIRMINGHAM, ALABAMA 


President Good did me a very great honor 
when he asked me to be the forty-seventh 
Caldwell Lecturer. Those who have previously 
delivered this oration have been radiologists, 
scientists, surgeons, or educators. I consider 
myself to be an individual, presented in my 
lifetime with the most magnificent opportuni- 
ties any man could have wished for. I hope to 
tell you tonight about some of the knowledge 
that grew out of those opportunities. 

First, please allow me a few asides. In the 
fall of 1939, when I was in my second year at 
the Harvard Medical School, I heard a lecture 
on wound healing delivered by a young sur- 
geon named Robert E. Gross. Only a short 
time before, he had become the first man suc- 
cessfully to close a patent ductus arteriosus. 
When he delivered that lecture, he looked the 
same as he looks tonight. If you observe him 
closely, you see, as I saw nearly 30 years ago, 
the sturdy, yet sensitive hands of a skilled 
craftsman, the calm, appratsing eye of an 
intelligent and cool observer, the demeanor of a 
scientist, and the charm of an artist. I de- 
cided at that moment in 1939 that I would try 
to emulate this man. One day in 1945, while 
in the Army, I read an article by Gross and 
Hufnagel describing for the first time the re- 
pair of coarctation of the aorta. There followed 
a succession of brilliant triumphs by Dr. 
Gross that have established him as one of the 
very few surgical geniuses of our time. In 
1948 I spent 6 months with him again, and 
my own surgical techniques and practices 
still reflect what I learned 1n those months. 
Whatever skill I possess as a surgeon is the re- 
sult of my education by Robert E. Gross, and 
three other men, my respected friend Tim 
Clagett, Dr. Stuart W. Harrington, and Dr. 
Francis Murphey of Memphis, Tennessee, 
with whom I worked as a neurosurgeon in 
World War II. These men passed on to me 


their enormous knowledge and their magnifi- 
cent surgical techniques. This has been a 
priceless heritage, one which I have treasured 
and one which I am endeavoring to pass on to 
my young colleagues, residents, and students. 

My father was a radiologist and delivered 
the Caldwell Lecture in 1943. The giants of 
radiology of the 1930's were well known to me 
as a young man, and I admired and respected 
them. I was particularly impressed with the 
high regard they had one for another, and 
their loyalty to each other and to their 
specialty. 

It has been my privilege to know President 
Good since I was a young man. Dr. Good 
quickly established himself as an outstanding 
radiologist, and through the years he has con- 
tributed in a remarkable fashion to hts 
specialty. I respect him for that, and I am 
therefore particularly honored that he asked 
me to deliver this lecture. 

Radiologists have been kind to me through- 
out my career and continue to play an im- 
portant part in my professional activities. 
Drs. Owings Kincaid and George Davis and 
I learned many things together while I was 
at the Mayo Clinic, and they were generous 
in allowing me to use for this lecture tonight 
some of the material we developed together. 
Dr. Alberto Barcta, who has been teaching 
me for years, and who is now a member of the 
Department of Radiology at the University of 
Alabama Medical Center, and his colleague 
in Alabama, Dr. Lester Glover, have been 
generous in their help to mein my new en- 
oironment in Alabama and I look forward to 
exploring new fields with them in the future. 


MORPHOLOGY AND ANGIOCARDIOGRAPHY 


Certain anatomic landmarks can be rec- 
ognized within the normal right ventricle, 
and it is distortions of these that result in 


* Presented at the Sixty-cighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 26-29, 1967. 
From the Department of Surgery, University of Alabama Medical Center and the Veteran’s Administration Hospital, Birmingham, 


Alabama. 
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|. In this specimen from a normal subject, the 
anterior wall of the right ventricle has been in. 


lic. 


cised. to the right of the left anterior descending 
artery and hinged back to the right. PV Pul. 
monary Valve. CS Crista. Supraventricularis. 
VS = Ventricular Septum. SB=Septal Band. 
MB = Moderator Band. PB = Parietal Band. (Re- 
produced with permission from Drs. Van Pragh 
and Ongley. Anatomic types of single or common 
ventricle in man. Am. Y. Cardiology, 1904, 73, 
367-386.) 


tetralogy of Fallot (Fig. 1). The tricuspid 
valve empties into the inflow portion of the 
right ventricle, and the pulmonary valve is 
at the exit from the right ventricle. The 
crista supraventricularis is just cephalad to 
the inflow portion of the ventricular sep- 
tum. The septal band and its extension, the 
moderator band, extend to the left and 
down from the crista supraventricularis, 
The parietal band extends to the right and 
down from the crista. Some chordae of the 
tricuspid valve insert into the papillary 
muscle of the conus (or medial papillary 
muscle) which is just upstream to the 
crista. 

With this introduction of terms, we can 
now define the specific entity called the 
tetralogy of Fallot. We now agree with Van 
Mierop and others that it is a unique com- 
bination of intracardiac defects. These in- 


clude a large ventricular septal defect 
which 1s immediately beneath the aortic 
valve but slightly more anterior than the 
usual isolated defect in the ventricular 
septum. The aorta is dextraposed, and 


arises to a variable degree from the right 
as well as the left ventricle. There is a 
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functionally unimportant minor malforma- 
tion of the tricuspid valve and an absence 
of the medial papillary muscle (or p: ipillary 
muscle of the conus). There is stenosis of 
the ostium infundibulum, which alone or 
associated with additional narrowing down- 
stream to this area offers sufficient resis. 
tance to blood flow to result in essentially 
equal peak systolic pressures in the two 
ventricles. It is said that tetralogy of 
Fallot results iii from anterior and 


LM 


T ee ostium | infa n ns 1S pur l by 
hy pertrophy and anterior displacement of 
the crista supraventricularis, The parietal 
band (berived from the conus septum) and 
the sep D band are usually hy pertrophied 
and produce additional narrowing at and, 
or Just upstream to the ostium infundibu 
lum. Between the ostium infundibulum ad 
the pulmonary valve is the variable-sized 
infundibular chamber (Fig. 2). The orifice 
of the pulmonary valve, which mav or 
may not be narrowed, is a little downstream 
to the attachment of the base of the cusps 






ORIFICE OF 


Z PULMONARY VALVE 
MÀ + 
INFUNDIBUL AR PULMONARY 
CHAMBER. VALVE RING 


a OSTIUM 
INFUNDIBULUM 


hic. 2. Schematic representation of right ventricle 
and pulmonary artery as seen angiographically 
in patients with tetralogy cof Fallot. (Modified 
from kincaid: Angiocardiography in obstructive 
malformations of the right ventricle and pul- 
monary arteries. In: Progress in Angiocardiog- 
Pa Charles C Thomas, Publisher, Springfield, 


ii 
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of this valve to the junctional area be- 
tween the arterv and right ventricle. The 
level of basal attachment of the cusps is 


termed the pulmonary valve ring. The 
cusps are also attached at their commis- 


sures to the wall of the pulmonary artery. 
A localized stenosis of this area of the main 
pulmonary "artery may result from shorten- 
ing of the free edge of these cusps. 

A clinically severe svndrome of cvanosis, 
polycythemia, and symptoms mav result 
from any type of morphology, as will be 
seen later, and thus clinical severity 1s not 
directly related to morphology. However, 
the ease of operation 7s related to mor- 
phology, particularly that of the pulmo- 
nary stenosis, and this must be examined in 
some detail. Right ventricular outflow 
resistance may be localized at the ostium 
infundibulum (Fig. 3; and 4). In some pa- 
tients there is an additional significant 
resistance to flow at the stenotic ostium or 
orifice w the bicuspid pulmonary valve 
(Fig. 5, Æ and B). In others, the stenosis 





£^ 4 . iu i on O a payi . 
(This and subsequent angiocardiograms are 


iG. 3. 
from patients with tetralogy of Fallot. Unless 
otherwise indicated, injection is into the nght 
ventricle.) At operation in this patient the ostium 


infundibulum was found to be narrow because of 


hypertrophy and anterior displacement of parietal! 
band and crista supraventricularis and some 
hypertrophy of the septal band. Infundibular 
chamber was well developed. Pulmonary valve 
was bicuspid but not stenotic, although it appears 
here to be domed. 
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ic. 4. Severe stenosis of ostium infundibulum exists 
because of massive hypertrophy of septal band 
and hypertrophy and anterior displacement of 


parietal band. Infundibular chamber is wide. 
Pulmonary valve is bicuspid but not stenotic. 
Note recess above and lateral to septal band. 


at the ostium infundibulum is mild, and 
that at the orifice of the valve severe (Fig. 
6, £ and B). The infundibular chamber it- 
self is narrow in some patients with stenosis 
of the ostium infundibulum or valvular 
orifice (Fig. 7, .7 and B). Very occasionally, 
there is also a marked, localized narrowing 
of the main pulmonary artery, the mecha- 
nism of which has been mentioned. earlier. 
The origin of the right or left pulmonarv 
artery mav be the site of a localized steno- 
sis in a few patients with tetralogy of 
Fallot, and such a stenosis can produce Sig- 

nificant resistance to fow (Fig. 8). Rarely, 

the main pulmonary artery and right and 
left pulmonary arteries are diffusely nar- 
row (Fig. 9). 

Occasionally, the left pulmonary artery 
is absent in tetralogy of Fallot (Fig. 10). 
Careful study by properly programmed 
angiocardiography is necessary before it 
can be concluded that the artery is absent 
rather than very small, Absence of the 
right pulmonary artery has not been re- 
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lig. 5. C7) Anteroposterior and (B) later: 
OS 


il angiocardiograms. At surgery, in ace 
ostium infundibulum, there was found 
anwocardiogram, but ap 


ES SERIE SETS dA 
way AI eats 


lition to 
severe valvular stenosis. The pulmonary v 
pears similar to the valve in Figure 
stenotic. The infundibular chamber and pulmonary vah 


severe stenosis at 


alve is domed in the 
3. Which at operation was found not to be 
ring ae of adequate size. 
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7) Anteroposterior and (B) lateral angiocardiograms. Th s patient had only mild stenosis 
infundibulum, a wide infundibular chamber and pulmonary 
orifice of the pulmonary valve. 


valve ring, but severe stenosis of the 
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Fic. 7. G4) Anteroposterior and (8) lateral angiocardiograms. The ostium infundibulum is moderately ste- 
notic, but right ventricular output resistance is severelv elevated because of the long, narrow infundibular 
chamber. At surgery, the pulmonary valve was found to be severely stenotic. Intracardiac repair was suc- 
cessfully accomplished without a patch being placed in the outflow tract, and immediately after repair peak 
pressure in right ventricle was 7o mm. Hg and in the left 82 mm. Hg. 


= 


ported to occur in tetralogy of Fallot. with otherwise typical tetralogy of Fallot 


Infrequentlv, the left or right pulmonary (Fig. 11, Æ and B; and 12, 4 and 5). 
arterv originates from the aorta in a patient The morphology of tetralogy of Fallot, 


as well as the physiology, can become 
altered after an anastomotic operation such 
as the Blalock-Taussig procedure. In most 





Fig. 8. In this patient there was also localized hic. o. The main, right and left pulmonary arteries 
stenosis at origin of right pulmonary artery. are very narrow. 
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bic. 10. There is complete absence of the left main 
pulmonary artery in this patient, 


patients with the tetralogy of Fallot, the 
pulmonary stenosis becomes more severe 
as time passes because of the increasing 
hypertrophy of the crista and parietal and 
septal bands. When the patient is kept alive 
beyond his time, so to speak, bv a Blalock- 
Taussig operation, there is an unusually 
long time of increasing hypertrophy al- 
lowed. Thus in some patients a near 
atresia of the ostium infundibulum de- 
velops in the vears after a Blalock- Taussig 


operation has been performed (Fig. 13). Of 
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course, an enormous collateral arterial cir- 
culation develops also, because of the inter. 
ruption of the subclavian artery incident to 
the Bla-ock-Taussig operation ( Fig. 14). 


HEMODYNAMICS 


Characteristically, patients with tetral. 
ogy of Fallot have a right-to-left shunt. 
Venous blood passes from the right ven- 
tricle into the systemic circulation, result- 
ing in cvanosis. In a few patients, the shunt 
is bidirectional and of about equal magni- 
tude in the two directions. In a few it is 
dominantly left-to-right and these patients 
are not cvanosed., 

The severity of the pulmonary stenosis 
seems to be the major determinate of the 
hemodynamic state and thus of the clinical 
syndrome in patients with tetralogy of 
Fallot. When the stenosis is severe, the 
shunt is right-to-left and is large, and the 
patient is deeply cyanosed, severely poly- 
cythemic, and profoundly disabled. When 
the pulmonary stenosis is less severe, the 
magnitude of the right-to-left shunt and 
degree of cyanosis are less. Where the pul- 
monary stenosis is only moderate, the 
shunt is bidirectional and the patient 
mildly evanotic or indeed acvanotic, Thus, 
in general, the relationship between the 
output resistance of the two ventricles, de- 





hic. 11. C4) The left pulmonary artery originates from the aorta, probably by way of patent ductus arterio- 
sus. (5) Complete repair, including disconnection of left pulmonary artery from aorta and im plantation of 
it onto main pulmonary artery, was effected by Dr. D. C. McGooa. (Reproduced with permission from Drs. 
Stewart, Kincaid, and Edwards. An Atlas of Vascular Rings and Related Malformations of the Aortic Arch 
System. Charles C Thomas, Publisher, Springfield, HL, 1964.) 
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Vic. 12. G4) Right ventriculogram. (B) Aortogram. This patient with tetralogy of Fallot has a night pulmo- 
nary artery which originates from the ascending aorta. Complete repair is planned in the future. (Repro- 
duced with permission from Drs. Ongley, Rahimtoola, Kincaid, and Kirklin. Continuous murmurs in 


tetralogy of Fallot and pulmonary atresia with ventricular septal defect. £m. Y. Cardiology, 1966, 75, 821— 
826.) 
termined largely by the severitv of the Recent studies from Duke University 
pulmonary stenosis, dictates the hemody- Medical Center, while in no way invalidat- 
namic state. ing this concept, indicate that the details of 





Fic, 13. There is only a very narrow channel through 
the ostium. infundibulum (left. subclavian-pul- 
monary artery anastomosis had been performed — Fic. 14. This frame, exposed late after right ventric- 





previously). The infundibular chamber, pul- ular injection, demonstrates the enormous col- 
monary valve ring and orifice were all found ade- lateral arterial circulation developing after inter- 
quately wide at operation. (Reproduced with ruption of the left subclavian artery. (Reproduced 
permission from Drs. Onglev, Rahimtoola, Kin- with permission from Drs. Ongley, Rahimtoola, 
caid, and Kirklin. Continuous murmurs in Kincaid, and Kirklin. Continuous murmurs in 
tetralogy of Fallot and pulmonary atresia with tetralogy of Fallot and pulmonary atresia with 
ventricular septal defect. dm. "f. Cardiology, ventricular septal defect. dm. J. Cardiology, 


1966, 75, 821-826.) 1966, 78, $21-826.) 
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hic. 15, Studies in a patient with severe tetralogv of 


Fallot. Top: Aortic-right ventricular pressure 
gradient. Middle: Simultaneous right and left 
ventricular and aortic pressures. Bottom: Pressure 
gradient and direction of flow across the ventricu- 
lar septal defect. (Reproduced with permission 
from Drs. Levin, Boineau, Spach, Canent, Capp, 
and Anderson. Ventricular pressure. FT dys 
namics in tetralogy of Fallot. Circulation, 1966, 
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the movement of blood between the two 
ventricles and aorta in tetralogy of Fallot 
are complex, They have shown that the 
rise and fall of pressure in the right and left 
ventricle during the cardiac cycle i IS asyn- 
chronous in these patients. The movement 
of blood across the ventricular septal defect 
and into the aorta at any moment in the 
cardiac cycle is determined by the pressure 
gradient between the two ventricles and 
between them and the aorta at the moment 
(Fig. 16). The determinants of these pres- 
sure gradients are many and complex. 

A collateral circulation to the lungs 
usually develops in cyanotic patients with 
the tetralogy of Fallot, and at times it may 
be so large that the clinical syndrome is 
majorly affected by it. This has been 
termed by some the "bronchial circula. 
tion,’ ' but the term aorticopulmonary col- 
liend circulation seems more appropriate 
since these vessels originate from many 
sources, including the aortic arch, the de- 
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scending thoracic aorta and its branches, 
and at times the abdominal aorta, Gas ex- 
change has been shown to be augmented by 
this cerculation, and it nein delivers 
blood zo the pulmon ary capillaries. As 
much as $0 per cent of e aortic blood flow 
may run off to the lungs by way of these 
collateral vessels in pulmonary atresia with 
absent pulmonary arteries (Fig. 16). The 
magnitude of the aorticopulmonary gol- 
lateral circulation in patients with tetral- 
ogy of Fallot has been reported to range 
from § per cent to 30 per cent of the SVS- 
temic blood flow. Unusual cases of tetralogy 
of Fallot have been observed in which these 
collateral channels and the fow through 
them have been so large that a continuous 
Murmur was heard, and the oxygen satura- 
tion of blood in the pulmonary artery was 
above go per cent. Because of these large, 
naturally occurring  systemic-pulmonary 
artery shunts, such patients may be only 
minimally cyanotic , in spite of severe pul. 
monary stenosis, 


LIFE HISTORY 


Infants with tetralogy of Fallot can die 


during an acute hypoxic episode. These are 


believed to result from acute powerful con- 





f Ortog ram in à 


Ii. d» patient. with ventricular 
septal defect, pulmonary atresia, and absent 
pulmonary arteries. Enormous eeano ary 
collatera! vessels are demonstrated. 
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traction of the muscular components of the 
ostium infundibulum resulting in acute 
increase in severity of the pulmonary 
stenosis and acute decrease in pulmonary 
blood flow. Some infants born with little or 
no cyanosis do not begin to develop signifi- 
cant symptoms until the age of 2, 3 or 4 
vears. Such patients are usually severely 
disabled by the age of about 8 years and 
when surgery was not available, they fre- 
quently died in their early teens. Their 
course is characterized by increasing cyano- 
sis, exercise intolerance, squatting, and 
polycythemia, resulting from | increasing 
severity of the pulmonarv stenosis and con- 
sequent increasing right-to-left shunt. 

Accidents may occur to change abruptly 
the course in a given patient. Massive 
hemoptysis can occur, presumably from 
rupture into the lung of large aorticopul- 
monary collateral channels. Cerebral in- 
farction, with or without abscess formation, 
can result in hemiplegia or death. Intra- 
cardiac right-to-left shunting of contami- 
nants in venous blood, hypoxemia, polycy- 
themia, increased apparent viscosity of the 
blood and consequent thrombosis in cere- 
bral vessels, all play a role in inciting this 
catastrophe, 


INDICATIONS FOR OPERATION 


The need for intracardiac surgical repair 
in patients with tetralogy of Fallot is clear. 
The ideal age for the operation, we believe, 
is about § or 6 years, and when we see 
children younger than this who are getting 


along reasonably well, we usually defer 
operation until then. There is no reason 


to defer it beyond this age. 

At times the severity of the symptoms 
necessitates operative intervention prior to 
the ideal age for intracardiac repair. AL 
though we and others have performed, for 
one reason or another, intracardiac repair 
in children 2 or 3 years of age with good 
success, I continue to believe that the risk 
in this must be a little higher than desira- 
ble. Thus, if surgical intervention becomes 
necessary before the age of about $ vears, 
we usually perform a palliative operation. 
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Intracardiac repair is then done at about 
ő or 6 vears of age, even though good 
palliation continues. In general, the pallia- 
tive operation of choice is the Blalock- 
Taussig operation of end-to-side subcla- 
vian-pulmonary artery anastomosis. Un- 
der a few special circumstances other opera- 
tions are preferable. 


INTRACARDIAC REPAIR 


Closure of the ventricular septal detect 
and relief of the pulmonary stenosis are the 
basic features of intracardiac repair. Partial 
resection of the crista supraventricularis, 
the parietal band, and the septal band, and 
mobilization of the anterior or free wall of 
the right ventricle from these bands pro- 
vide relief of the infundibular stenosis. 
Further room is provided for the outflow 
tract by pulling the cristal remnant dorsally 
or posteriorlv, in the process of repairing 
the ventricular septal defect by using a 
teflon or dacron patch that is a little small- 
er than the actual defect (Fig. 17, 4, B 
and C; and 18, 4 and B). 

In about t5 per cent of the patients, the 
pulmonary valve ring and infundibular 
chamber, and at times the main. pulmo- 
nary arterv, are too narrow to allow ade- 
quate relief of the pulmonary stenosis bv 
the methods just described. Since it is often 
dificult to assess the adequacy of repair 
visually, we nearly always now close the 
heart, discontinue cardiopulmonary byv- 
pass, and measure intracardiac pressures 
before deciding to insert a patch of peri- 
cardium for enlargement of the area. If 
peak systolic pressure in the right ventricle 
is the same or greater than that in the left, 
we usually re-establish perfusion and insert 
the patch. If right ventricular pressure 1s 
less than left, we do not. This policy has 
led to better early and late results than 
more liberal use of patches such as we 
practiced some vears ago. 

When previously a Blalock-Taussig oper- 
ation has been performed, the shunt must 
be dissected out and closed before establish- 
ing cardiopulmonary bypass. Proper at- 
tention to technical details of the dissection 
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Fic. 17. G7) A transverse incision is made in the right ventricle. (8) Details of morphology within the right 
ventricle in tetralogy of Fallot. The lines encircle the tissue to be removed in relieving the infundibular 
stenosis. (C) Appearance after resection of this tissue. 
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hig. 18. 64) The first stitch has been placed for insertion of the patch to close the ventricular septal defect. 
keeping the stitches away from free edge of septum in order to avoid producing heart block. The remainder 
of the suture line between patch and edges of the defect is mace with interrupted sutures. 
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Fic. 19. Steps in complete repair of tetral- 
ogy of Fallot with previously constructed, 


Jefe end-to-end  subclavian-pulmonary 

valve artery anastomosis. (,7) First steps. (B) 

bl. — A piece of pericardium has been trimmed 
-—-Ventricular 


and partially sutured so as to create a 
tube. This tube is being anastomosed to 
the distal end of theleft pulmonary artery 
after dividing it from the subclavian 
artery. (C) Pulmonary artery and pul- 


monary valve ring are being enlarged with pericardial patch. (D) Completed intracardiac repair and recon- 


struction of flow to left lung. 


allows this to be done safely, and without 
increased risk. When a previous Potts’ 
anastomosis has been performed, external 
dissection of the area of anastomosis 1s 
dificult and closure of the anastomosis 1s 
best done from within the pulmonary ar- 
tery during total circulatory arrest, while 
the patient's body temperature is about 
29 oe 


Occasionally an end-to-end type of 
Blalock anastomosis has been made be- 


tween the subclavian and pulmonary 
artery, after disconnection of the pulmo- 
nary artery from the main pulmonary ar- 
tery, Obviously, merely ligating the end-to- 
end Blalock anastomosis and performing 


intracardiac repair results in pulmonary 
blood flow going only to the lung on the 
side opposite that on which the Blalock 
operation was done. In our small experi- 
ence with doing just this, the results have 
not generally been satisfactorv. Therefore 
in recent vears we have always recon- 
structed pulmonary flow, preferably by use 
of an autogenous pericardial graft (Fig. 
19, 4-D). 

These intracardiac operations require 
cardiopulmonary bypass with the aid of a 
pump-oxygenator. The development of this 
technique, and the details of its application 
to this operation, are beyond the scope of 
this presentation. A few comments are 


intracardiac repair for tetralogy of Fallot (582 cases) 


mr atri rar a a e m mamua vaman RHEE 
——————— UON 
IM n m a a semis 


SO 
30 


rna a am rra taa daaa e a t NS ram Ene rm eaae rrr nnd 


HOspifo! mortality (26) 


= 
C 
f 
: 
SE 
h 
. 
mi 
; 
m 
Ys 
rà 
eli 
Di 
YR 
i 
1 
ET 


Fic. 20. Hospital mortality rate according to years. 
Operations in years 1955 through 1965 were at the 
Mayo Clinic. Operations j In 1966 were in part at 
the Mayo Clinic and in part at the Univ ersity of 
Alabama Medical Center. 


nontheless pertinent. Intracardiac repair 
of tetralogy of Fallot is, in mv opinion, a 
difficult operation. Success with it demands 
that it be done with precision. Thus 60 to 
100 minutes of cardiopulmonary bypass 
may be required. This means that the 
perfusion of the patient from the pump- 
oxygenator must be as perfect as possible. 
Care must be taken, by methods which we 
shall not describe, to preserve particularly 
cardiac function, pulmonary function and 
renal function during this complex opera- 
tive procedure. Although cardiopulmonary 
bypass allows us to do this operation safely 
under the conditions we have described, it is 
not as yet a perfect technique. Thus we and 
others are today actively investigating 
ways of improving this basic method of 
cardiovascular surgery. 


POSTOPERATIVE CARE 

The patient with heart disease, before 
and early after operation, often has signifi- 
cant derangements in organ function and 
in body composition. The challenge to us 
as surgeons is to understand these and to 
escort the patient safely through opera- 
tion and the postoperative period by prop- 
er use of this knowledge. Our own re- 
search efforts in the past few years and at 
present are focused upon organ and system 
function in such patients before and after 
operation. 

For example, early after intracardiac re- 
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pair of tetralogy of Fallot cardiac output 
may be reduced. By knowledge of the 
causes of this reduction and by use of 
methods for increasing cardiac output, we 
can now nearly always avoid serious re. 
ductions in cardiac output. This early 
after operation ventricular end-diastolic 
pressure, or so-called ventricular filling 
pressure, is elevated by augmentation of 
blood volume with whole blood or crystal- 
loid solutions, depending upon the situa- 
tion. Left and right atrial pressures are 
continuously monitored in order that the 
augmentation of blood volume does not 
exceed safe limits. When myocardial con- 


tractility is depressed, digitalis is ad- 
ministered. If m vocardial depression is 
acute, isoproterenol or epinephrine is 


administered by continuous infusion. In 
patients with tetralogy of Fallot who 
show a lepression of cardiac output early 
after intracardiac operation, the heart 
begins to recover within about 48 hours 
when the patient is properly managed. 
Soon thereafter cardiac output becomes 
normal and convalescence proceeds un- 
eventful y. 

Similar detailed. knowledge now exists 
concerniag pulmonary and renal perfor- 
mance carly after these operations. The 
amounts and distribution of water and 
solutes in the body undergo ch ranges early 
postoperatively that are at times s profound. 
We are «t present involved particularly in 
investigations of these, using radioisotopic 
techniques, 


HOSPITAL MORTALITY AND MORBIDITY 


Permanent heart block has occurred 
rarely in our experience in the past 5 years. 
This, plus better understanding of the 
operative and postoperative details neces. 
sary for survival have resulted in the oper- 
ative mortality being generally less than 
IO per cent in recent years (Fig. 20). Dur- 
ing this tme about three-fourths of our pa- 
tients have had the severe form of the 
disease and many have had one or more 
previous operations. It is interesting to 
compare the results in the first so cases 
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Tage I 


TETRALOGY OF FA LLOT* 








INTRACARDIAC REPAIR 






Last co Patients} 





Total Hospital — | l'otal Hospital 
ot: | y l ota 
"es | Deaths 1 Deaths 
Mild Form. — 11 1 | | | 77 "ENS | 3 
Moderate Form 24 | j | H | i 
| D E A AA AEEA S 

—— ———————— r — | 
Severe Form | 26 | II i 27 | ! 
Previous Blalock Operation | 3 | 1 10 | 
Previous Potts' Operation | on | s 5 | 
2 Previous Operations | me s 4 | 

Total | 50 16 (32%) |i Xe | 2 (495) 





* Hospital mortality rates after open operation for the tetralogy of Fallot, in the first so patients and in the last ṣo patients. All of the 
early cases were operated upon at the Mayo Clinic, About two-thirds of the recent cases were operated upon at the University of 


Alabama Medical Center. 
T April, 1955 to August 15, 1957. 
t March, 1966 to September 1, 1967. 


(operated upon between April, 1955 and 
August 15, 1967) and in the last co (oper- 
ated upon between March, 1966 and Sep- 
tember, 1967). The hospital mortality rate 
was 32 per cent in the first So, and 4 per 
cent in the last so (Table 1). One of the 
deaths in the last 5o cases was from infec- 
tion and one from pulmonary edema which 
was probably the result of overtransfusion. 
Both deaths were preventable. 

Obviouslv, there is now sufficient knowl- 
edge that, when it is applied with skill, a 
very low operative mortality results. This 
is attested to by the experience of a number 
of surgeons. Actually, if we could ever reach 
a point where no human error occurred, 
the mortality with present knowledge 
would be 1 to 2 per cent. 


LATE RESULTS 


Most patients have an excellent result 
from the operation. Specifically, knowledge 
of the late results is available in 232 pa- 
tients operated upon by my colleagues and 
the author. Ninety-three per cent are fully 





active and without symptoms, and their 
life expectancy should be normal. Four per 
cent have a good result, but have mild 
limitation of exercise tolerance. Only 3 per 
cent have a late result that is for some rea- 
son unsatisfactory. Such results are truly 
remarkable when one considers the pitiful 
state of most of the patients preoperatively. 
CONCLUSION 

An experience of 12 years, encompassing 
operations in 603 patients with tetralogy of 
Fallot between April 1, 1955 and September 
1, 1967, has been used as the basis for this 
presentation. New knowledge has been de- 
veloped, in part from this experience, but 
also from the contributions of numerous 
surgeons, pediatric cardiologists, radiolo- 
gists, cardiologists, pathologists, physiolo- 
gists, and anesthesiologists. Those wishing 
to apply this knowledge skillfully must 
study, practice pitiless self-criticism, and 
continuously seek advice from colleagues 
and students. 

Today literally thousands of patients 
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live and enjoy good health as a result of 
the knowledge and skill of many surgeons 
throughout the world. The accumulated 
experience is being taught to vounger col. 
leagues in the cardiovascular teaching cen- 
ters of the world. The new knowledge 
which has also resulted from this expe- 
rience affects not only cardiovascular sur- 
gerv, but illuminates some hitherto dark 
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areas of physiology, cardiology, radiology, 
medicine, and general surgery. In all of 
these facets lies the importance of the de- 
velopment of open intracardiac surgery for 
the tetralogv of Fallot. 
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RADIOISOTOPE SCANNING OF THE LUNGS IN 
PATIENTS WITH SYSTEMIC-PULMONARY 
ANASTOMOSES* 


By FRED MISHKIN, M.D.,t and JOHN KNOTE, M.D.i 


INDIANAPOLIS, INDIANA 


Y UNG scanning by means of intrave- 

nously injected radioactive particles has 
proven to be a safe, simple and reliable 
method of measuring regional pulmonary 
arterial blood flow in pulmonary embolism, 
pulmonary emphysema, pulmonary tu bercu- 
losis, bronchogenic carcinoma, asthma and 
mitral valve disease? 7.57? The reduc- 
tion of regional pulmonary arterial blood 
fow due to pulmonary stenosis is the main 
cause of symptoms and signs in cyanotic 
congenital cardiac disease. Increasing re- 
gional pulmonary arterial blood How by 
means of anastomosing a large systemic 
artery to the pulmonary circulation has 
benefited this group of diseases by in- 
creasing pulmonary blood flow.’ Although 
complete correction of the cardiac mal- 
formations of tetralogy of Fallot is pre- 
ferred, there is still a place for the use of the 
technically simpler procedure of systemic 
to pulmonary anastomosis for palliation in 
situations in which complete correction is 
not feasible. When the condition of the 
patient deteriorates following such a shunt 
procedure, it is important to know whether 
or not the anastomosis is functioning prop- 
erly. The purpose of this communication is 
to evaluate the usefulness of lung scanning 
in determining the functional condition of 
the surgical shunt in this situation. 


MATERIAL AND METHODS 

The lung scans and clinical records of 8 
patients who had lung scanning performed 
following svstemic to pulmonary anasto- 
mosis since January, 1967 were reviewed. 
One patient had a scan prior to surgery. 
Scanning was performed from the posterior 
aspect following an intravenous injection, 


with the patient supine, of 2.3 4c per kg. 
of P* macroaggregated albumin (MAA).” 
A commercially available Picker Magna- 
scanner was used. The time constant was 
modified to 1/32 of a second and the light 
pipe was changed to a §X2 mm. rectangle 
with a coping saw. No contrast enhance- 
ment other than film recording was neces- 
sary because of a high-target to non-target 
ratio of radioactivity; therefore, the con- 
trast range used was 100 per cent of full 
scale (100 counts per minute differential). 
Scanning speed was varied according to 
maximum count rate. 

Six of the 8 patients had right and left 
sided cardiac catheterization performed 
along with cineangiocardiography. 

Seven patients had a Blalock-Taussig 
procedure performed, with an end-to-side 
anastomosis between the subclavian artery 
and one main pulmonary artery in 6 pa- 
tients, and an end-to-end anastomosis in 
one. One of these patients had a previous 
Potts procedure which had become non- 
functional. One patient had a Cooley pro- 
cedure with anastomosis of the ascending 
aorta to the right pulmonary artery. 

RESULTS 

Correlation of pertinent clinical, cathe- 
terization and scanning data are presented 
in Table r. The features of the preoperative 
appearance of the lung scan found in 2 pa- 
tients (one not operated upon and hence 
not included in the series) are shown in 
Figure 1.7. Evidence of shunting of blood 
from the right side of the circulation to the 
left side was present in both with activity 


* Obtained from Mallinckrodt Nuclear, St. Louis, Missouri. 


* From the Department of Radiology, Section of Radioisotopes, Indiana University Medical Center, Indianapolis, Indiana. 


+ Assistant Professor of Radiology. 
t Resident in Radiology. 
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CLINICAL, CATHETERIZATION AND SCANNING DATA 
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April 26, 1967: Ascendiag | 
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end left subclavian te 
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Postoperative 
Lung Scan 


perfusion of right and 
left lung 


Mareh 3o, rg67: Right 


lung has decreased per- 
fusion 
7, 1967: Right 
lung has markedly de- 
creased perfusion 


February 25, 1967: Right 
lung has markedly de- 
creased perfusion 


March o, 1967: Equal 
perfusion of right and 
left lung; splinting left 


lung 


May a, 1:907: Left lung 
has diminished perfu- 


aun 


May 2, 1907: Right hing 
is less well perfused 
than the left 


January 30, 1907: Right 3 


lung markedly dinin- 
ished perfusion; left 
lung diminished perfu- 
ston with focal defect 
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Evaluation of 
Shunt 


; Shunt murmur present: 
Do improved exercise tol- 
Po erance 


shunt murmur present 


Shunt marmur variable: 
patenti on cine 
raphy 


Shunt murmur variable; 
patent on cineangiog: 
raphy; no filling of night 
pulmonary artery 


"hunt murmur present 


Loud shust murmur pres- 
i ent 


P Shunt murmur present; 


i good exercise tolerance 


P Aller 12 years shunt maur- 
io mur disappeared and 
| patient deteriorated ; 
shunt clinically closed 
at the time of scanning 





1. (4) Preoperative scan in patient with tetralogy of Fallot shows equal perfusion of both lungs. 


The somewhat uneven appearance of the scan is due to statistgal variation because of the low count rate 
and a scanning speed too fast for the count rate. Activity in the thyroid and the kidneys indicates right-to- 


left intracardiac shunting of particles by way of a large high intraventricular septal defect shown on cine- 
angiocardiography. (B) Following anastomosis of the right subeiavian artery to the right main pulmonary 
artery, perfusion to the lungs appears equal. 
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in the thyroid and renal areas. Regional 
pulmonary arterial blood flow appeared 
approximately equal in one lung as com- 
pared to the other in 1 patient, and shghtly 
unequal in the other. Following a surgical 
shunt, the lung scan in 1 of the 8 patients 
appeared normal (Fig. 18), and in § it 
showed unequal activity of one lung as 
compared to the other (Fig. 2). The lung 
with apparently decreased perfusion was 
on the side of the svstemic to pulmonary 
anastomosis in 2 patients and on the side 
opposite the anastomosis in 4 patients. In 
all but 1 patient there was good clinical 
evidence, including the presence of a con- 
tinuous murmur and increased exercise 
tolerance, that the shunt was patent at the 
time the lung scan was performed. In 2 pa- 
tients, both scanning. and cineangiogra- 
phy were performed following surgery. In 
one of these patients, the scan showed de- 
creased activity on the side of the anasto- 
mosis (Fig. 3 4), while the cineangiographic 
study honed the anastomosis to be func- 
tioning 





The lung scan following a Blalock- 


Case m. 
Taussig shunt procedure on the right shows dimin- 
ished activity in the right lung comp: ired to the 
left. This does not mean that there is Jess total 
blood flow to the right lung, but probably repre- 
sents a dilutional effect on the blood coming 
through the pulmonary artery by blood flow 
thrcugh the surgical shunt that does not carry 


Fig. 3. 


much activity because there is only a small amount 
of intracardiac shunting. 
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(Vig. 3, B-D). In the other patient, 
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Fic. 3. Case in. (4) Lung sean following a right 
Blalock-Taussig procedure in a patient with 
tetralogy of Fallot shows reduction of activity in 
the right lung suggesting reduced pe rfusion via the 
pulmonary artery because of streaming or dilu- 
tional effect from the surgical anastomosis, There 
is a moderate amount of activity in the kidneys 
but the amount of intracardiac right-to-left shunt- 
ing cannot be estimated because particles coming 
through the aorta may be diverted through the 
surgical anastomosis. 


the scan showed no activity in the right 
lung, the side opposite the anastomosis 
(Fig. 441). The patiens improved clinically 
and a repeat scan 2 weeks later showed per- 
fusion of the upper portion of the right 
lung (Fig. 4). Cineangiography after the 
second scan showed no Alling of the right 
main pulmonary artery, which was thought 
to be occluded (Fig. 4, C and D). 


DISCUSSION 


There are two factors which complicate 
evaluation of regional pulmonary arterial 
blood flow by means of the scanning tech- 
nique in patients who have communications 
between the pulmonary and systemic cir- 
culations at two levels. In patients with 
significant intracardiac venous to arterial 
shunting of blood, p: articles will be carried 
into the cerebral circulation and the pos- 
sibility of sequelae from multiple small 


emboli in the arterioles and 
the brain must be considered. Experiments 
with direct intracarotid injection of radio- 


active particles in primates and in man 
have shown this procedure to usually be 
safe;^* however, one group of investiga- 
tors reported sequelae in 3 of 12 patients 
who had particles injected in the carotid 
arteries.” With the use of high specific ac- 
tivity particles under so win diameter this 
possibility becomes more remote, At this 
institution I2 patients with known pul. 
monic to systemic intracardiac shunts have 
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lic. x (B) A frame from the cineangio- 
graphicexamination performed postopera- 
tively shows that with injection into the 
righ: atrium there is shunting into the 
aorta and no filling of the right pulmo- 
pary artery with contrast medium. (C) 
Injection into the main. pulmonary. ar- 
terr during the cineangiographic study 
shows En flow of contrast me- 
dium to the patent right pulmonary ar- 
tere (D) Injection into the aortic arch 
dunag the cineangiogr: aphie study shows 
the anastomosis of the end of the nght 
subclavian artery to the right pulmonary 
artery. The How through the anastomosis 
may account for the dilutional effect seen 
on the scan and the pulmonary artery in- 
jection, 


had no difficulty after lung scanning and 
there is no report of such an occurrence 
with routine lung scanning. 

The other difficulty lies in interpreting 
the scan pattern in terms of blood fow to 
the lungs when there is a systemic to pul- 
monary shunt at the level of one main pul- 
monary artery. Experimental work in dogs 
with suraic: alls ' made systemic to pulmo- 
nary shunts has shown that if radioactive 
par ticles are injected intravenously, most of 
the particles will go to the pulmonary 
arteriolar-capillary bed on the side oppo- 
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Nic. 4. Case iv. G4) Initial scan 1 week follow: ing a left Blalock- 
Taussig procedure in a patient with tricuspid atresia and a 
nonfunctioning Potts anastomosis that had been per- 
formed 14 months previously. The activity on the right 
is markedly x iced. The good visualization of the kid- 
neys is a result of the complete right-to-left shunting at the 

atrial level. (B) A repeat lung scan 13 days later shows improvement of perfusion to the nght upper lung 

perhaps resulting from development of systemic collateral circulation to the lung. The activity in the left 
lung comes almost entirely from the Blalock- Taussig anastomosis. The patient had improved clinically 
since the first scan. 





site the shunt, while if an intra-aortic in-  arteriolar-capillary bed on the side of the 
jection of particles is made, most of the shunt.” The situation is complicated when 
particles will be lodged in the pulmonary intr acardiac shunting of blood exists and 





Fic. 4. (C) A frame from the postope rative cineangiographic study shows injection of contrast medium into 
CA aortic arch, The functioning left Blaloc k-Taussig anastomosis directs the contrast medium into the 
left pulmonary artery. The right pulmonary artery did not opacity with contrast medium. (D) Injection 
into the left ventricle filled a ST anterior right ventricle. The right pulmonary artery did not opacify 
with contrast medium. Itis thought to be occluded. 
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one cannot be certain how manv of the 
particles reach the pulmonary circulation 
via the right ventricle and main pulmonary 
artery, and how many particles reach the 
pulmonary circulation by means of the in- 
tracardiac shunt via the aorta and the sys- 
temic to pulmonary anastomosis. Prior to 
surgery, the amount of activity in the 
kidnevs should provide a qualitative esti- 
mate of intracardiac shunting of blood. 

Following a surgical anastomosis, par- 
ticles that are shunted from right to left in 
the heart could flow in greater quantity 
through the subclavian artery used for 
anastomosis because it is now part of the 
low resistance pulmonary circulation. This 
means fewer particles will reach the kid- 
nevs s therefore the amount of activity 
in the kidneys in the postoperative scan 
cannot t the amount of right-to-left 
intracardiac shunting of blood. Without 
knowledge of the quantity of right-to-left 
intracardiac nee we could not esti. 
mate whether most of the particles reached 
the pulmonary arteriolar-capillary bed by 
way of the right side of the heart and main 


pulmonary artery or by way of right-to- 
left intracardiac shunting, through the 


aorta and surgically created systemic to 
pulmonary anastomosis. If most of the 
particles are carried through the pulmon- 
ary artery, then one might expect less of the 
particles to lodge in the pulmonary arterio- 
lar-capillary system on the side of the sys- 
temic to pulmonary anastomosis, since the 
blood flow on this side would be diluted by 
systemic blood flow. In this case a dimin- 
ished amount of activ itv in the lung on the 
side of the shunt would indicate that the 
shunt was patent (Fig. 3.7). On the other 
hand, if most of the blood flow reaching the 
Dunoan arteriolar-capillary bed came 
through the aorta and surgical systemic to 
pulmonary shunt via an intracardiac 
shunt, then most of the particles would be 
found. on the side of the Pi shunt if it 
were open (Fig. 4, Z and B). Alternatively 

the s zts oF penne at two levels, the 
systemic to 
eer anastómosis, 1 may balance one 
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another and the scan activity would appear 
relatively equal (Fig. 1B). Since one can. 
not know the degree of intracardiac shunt- 
ing of blood, one cannot interpret the un- 
equal distri bution of activity in the lungs 
to mean that the shunt is patent or ob- 
structed, 


SUMMARY 


Clinical, catheterization and lung scan- 
ning data of 8 patients who had surgical 
systemic to pulmonary shunts performed 
to increase pulmonary arterial blood flow 
were correlated in an attempt to evaluate 
the reliability of the lung scan in predicting 
whether or not the shunt was patent. 

Two unknown variables control the dis- 
tribution of radioactive particles to the 
lungs, the degree of intracardiac shunting 
and the amount of blood carried to the 
pulmonary circulation via the surgical 
shunt. The predominance of one or the 
other of these factors will cause unequal 
distribution. of the particles to the pul. 
monary arteriolar- capillary bed and con- 
sequently an asymmetric appearance on 
the lung scan, even in the presence of a 
functioning shunt. Under more balanced 
conditions, a symmetric appearance will be 
seen on the lung scan. 

Thus the lung scan cannot be readily 
interpreted to mean that the surgical shunt 
is functi aning or nonfunctioning, 
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CREATION OF ATRIAL SEPTAL DEFECTS BY 
CATHETER AS PALLIATION OF COMPLETE 
TRANSPOSITION* 


By HERATCH O. DOUMANIAN, M.D., JAMES H. MOLLER, M.D., and KURT AMPLATZ, M.D. 


MINNEAPOLIS, MINNESOTA 


I OVER 80 per cent of patients with 
complete transposition of the great ves- 
sels, congestive cardiac failure and death 
occur in early infancy. The outlook for 
these critically ill infants has, however, 
considerably improved because of newer 
operative techniques. Although total opera- 
tive correction of complete transposition of 
the great vessels is feasible in infancy the 
mortality associated with this procedure 
early in life is prohibitive, especially among 
the seriously ill infants who form the ma- 
jority of patients with this condition. As an 
alternative, operative creation of an atrial 
septal defect has proven to be useful pallia- 
tive procedure, but 1s also associated with a 
significant operative mortality. Recently a 
technique to create an atrial septal defect 
by a cardiac catheter has been described.? 
This procedure has a low mortality since 
it eliminates the need of general anesthesia 
and thoracotomy. 

In this paper, the previous methods of 
creating atrial septal defects are briefly 
reviewed. Two new techniques which have 
been used to create atrial septal defects in 
animals are also described. In addition, the 
results of our experience using a balloon- 
Rashkind catheter technique in 6 severely 
ill infants with cyanotic congenital heart 
disease are presented. 


REVIEW OF PREVIOUS TECHNIQUES 


In 1926, Dmitrieff* first experimentally 
created an atrial septal defect by a tech- 
nique of digitally invaginating the atrial 
appendages to identify the atrial septum 
and then thrusting a small clamp through 
the septum and enlarging the defect with a 
finger placed through the opposite ap- 
pendage. Cohn? in 1947 created an atrial 


septal defect by inserting a hemostat 
througt the left atrial appendage and open- 
ing it n the septum. Martin and Essex,’ 
and Swen ef a/.° advanced a scalpel through 
the atr-al appendage to the vicinity of the 
septum and incised it blindly. Blalock and 
Hanlor! in 1948 published their classical 
procedure for creating a septal defect by 
partial excision of the atrial septum. 
Margutu et 4/5 used a special guide wire 
punch device. Boerema ef al? utilized 
hypothermia and created atrial defects 
under direct vision. Friend and co-workers? 
in 1965 described a new technique de- 
veloped in dogs for producing atrial septal 
defects with the use of a corneal trephine 
under the conditions of temporary venous 
inflow ccclusion. A variety of other instru- 
ments aad techniques have been used by 
various :nvestigators, and are reviewed by 
Friend 2° al’ 

In 19£6 Rashkind and Miller? described 
a techr:que for producing atrial septal 
defects without thoracotomy or general 
anesthes:a. A balloon tipped catheter (No. 
64 French) was used. The catheter was 
passed by way of the femoral vein into the 
right at-.um and then through the foramen 
ovale to the left atrium. The balloon was 
inflated with 2-6 cc. of radiopaque solution 
and was withdrawn into the right atrium 
tearing che atrial septum. This was re- 
peated vntil the balloon could be with- 
drawn without resistance from the left to 
the righr atrium. 


OBSERVATIONS 
EXPERIMENTAL STUDIES 


Atrial septal defects were created experi- 
mentallv in dogs by either electrocautery or 
a mechezaical device. Under Surital anes- 


* From the Departments of Radiology and Pediatrics, University of Minnesota Hospitals, Minneapolis, Minnesota. 
Supported by Cardiovascular Research Training Grant 0685-5202-0a. 
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thesia, the right femoral vein was exposed 
and a Brockenbrough needle with a No. 8 
teflon catheter was advanced under fluoro- 
scopic control into the left atrium. The 
puncture needle was removed and a stain- 
less steel basket was advanced through the 
catheter into the lett atrium (Fig. 1). The 
basket was opened to 1.5 cm. in diameter 
and connected to a powerful electrocautery. 
Bv pulling gently on the basket and closing 
the current, a fair sized hole 1n the atrial 
septum could be produced. The small 
amount of gas produced due to the action 
of the cautery did not seem to cause notice- 
able gas embolism and electrical deaths were 
not observed. The atrial septal detect thus 
produced was, however, characterized bv 
irregular, shaggy borders (Fig. 2). The 
atrial septal defect was patent after one 
month in only one animal. There was, in 
addition, a 50. per cent mortalitv due to 
hemopericardium. Because of these results, 
the procedure was not thought to be suit- 
able for human use. 

Since the anatomy of the canine atrial 
septum 1s quite different from that of hu- 
mans, additional experimental studies were 
performed on human cadavers using var- 
ious mechanical devices. The most promis- 








Fic. £f. 
catheter. Middle: 
through fossa ovalis. 


Wire basket. Top: Introduced through 
Expanded. Bottom: Pulling 
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lic. 2. Atrial septal defect in dog heart 
created by cautery technique. 


ing instrument was a stainless steel bow 
with a Gigli saw wire (Fig. 3) which pro- 
duced cuts of considerable length in the 
fossa ovalis. This seemed to be a safer 
cutting device since onlv structures under 
tension such as the atrial septum could be 
incised in these cadavers. To date, this 
technique has not been used in humans. 


RESULTS OF BALLOON CATHETER 
TECHNIQUE IN INFANTS 
In 6 severely ill infants the creation of an 
atrial septal defect has been attempted 
using the balloon catheter technique. 
Among the 6 infants, complete transposi- 
tion of the great vessels was present in 5, 


lac. 3. Stainless steel bow with Gigli saw. 


SÉ 





hic. 4. Cineradiographic frame during balloon 
dilatation of foramen ovale. Note position of 
balloon in left atrium. 

and mitral atresia in 1. The cases illustrate 

the variability of success of this procedure. 


REPORT OF CASES 


Case I. Transposition of Great Fessels, A 7 
day old, markedly cyanotic patient with com- 
plete transposition of the great vessels and 
pulmonary stenosis was admitted to the Uni- 

versity of Minnesota Hospitals and underwent 


immediate balloon catheter dilatation of the 
foramen ovale. Under local anesthesia, the 
saphenous vein was exposed and a No. 6 Fo- 


garty catheter was introduced and advanced 
without difficulty across the foramen ovale into 
the left atrium. Due to the moribund condition 
of the patient, no blood samples were obtained. 
The balloon was inflated with contrast material 
and under fluoroscopic control was pulled 
through the foramen ovale several times with 
success with increases in the amount of infla- 
tion (Fig. 4). The patient tolerated the pro- 
cedure well and several observers felt ra his 
color had improved. À venous angiogram was 
performed which showed more pronounced 
opacification of the left o d the 
catheterization (Fig. 5, 4 and B). the age 
of 37 days, the patient sean eed 3 a repeat 
angiogram because of increasing cyanosis and 
cardiac failure. At this time, no significant 
shunt was demonstrable and the balloon dilata- 
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tion of the fossa ovalis was repeated. Blood 
oxygen samples were taken prior and after the 

dilatation. No significant change in oxygena- 
tion was demonstrab le, and repeat angiogr am 
did not demonstrate i improved opacification of 
the left atrium. Because of further deterioration 
of the patient's condition, a Blalock-Hanlon 
operation was performed at the age of 41 days. 


Case Mitral. Airesia, The second patient 
was a 3 month old cyanotic baby in whom pres- 
ence of mitral atresia with obstruction at the 
foramen ovale documented by cardiac 
catheterization and angiography. Because of 
pulmonary venous obstruction due to a small 
toramen ovale, enlargement of the atrial septal 
detect with a balloon catheter was thought to 
be desirable. Under local anesthesia a No. 5 


Was 


Fogarty catheter was passed into the left 
atrium and pulled through the atrial septal de. 
fect with great difficulty. In spite of rather 
extreme force which seemed to pull the heart 
toward the diaphragm, the high resistance at 


the foramen ovale could not be overcome. The 
patient came to postmortem examination a few 
days later and a careful analysis of the atrial 
septal defect failed to disclose any recent tear 
(Fig. 6) and an unusually thick septum, 


Case ii. Transposition of Great Vessels. 
This 10 month old infant was first seen at the 
University of Minnesota Hospitals at 10 davs 
of age because of cyanosis and respiratory dis- 
tress since birth. On admission he exhibited 
marked cvanosis and the findings of congestive 
cardiac lure. Some initial improvement re- 
curred 1n response to digitalization. Venous 
angiography done 3 days afrer admission re- 
vealed transposition of the great vessels. 

The infant was returned to the catheteriza- 
tion laboratory and attempts were unsuccess. 
ful to pass a catheter into the left 
atrium, Phree days later a Blalock.Hanlon 
procedure with banding of the pulmonary ar- 
tery was carried out and the child had an 
uneventitil postoperative period. He has shown 
improvement with modest weight gain. There 
is still evidence of moderate evanosis but no 
cardiac failure. 


balloon 


Case av. Transposition of Great Fesseis. 
This 6 menth old infant was admitted to the 
University of Minnesota Hospitals at 3 weeks 
of age with a history of progressive cyanosis 
since birth, The child revealed the findings of 
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Fic. s. (4) Forward angiogram showing mild opacification of the left atrium and transposed aorta. (5) 
Forward angiogram following balloon dilatation. Note the denser opacification of the left atrium. 


congestive cardiac failure and received appro- 
priate treatment. On the day following admis- 
sion, venous angiocardiography was carried 
out and revealed complete transposition of the 
great vessels with intact ventricular septum. 
Surgical consultation was obtained and 
while awaiting a Blalock-Hanlon procedure, 
the child became critically ill and was tn shock. 
Balloon catheterization was carried out as 
an emergency procedure and considerable 1m- 
provement in the condition of the child oc- 
curred immediately following the procedure. 
The degree of cyanosis was less and respirations 
were less labored. The child showed a steady 


weight gain and was discharged at 5 weeks of 
age. Subsequently the child was re-examined 
at ¢ months of age and has shown a 4 pound 
weight gain since birth. Mild to moderate 
cyanosis was present. There was no respiratory 
distress or evidence of cardiac failure. 

Case v. Transposition of Great Vessels, This 
2 month old infant developed cyanosis and 
respiratory distress at 1 week of age. She was 
admitted at 3 weeks of age with moderate 
cvanosis and severe congestive cardiac failure. 
A good response occurred following administra- 
tion of Lanoxin. Cardiac catheterization and 
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lic. 6. Postmortem specimen with guide passed 
through foramen ovale in patient with mitral 
atresia. No recent tear of fairly thick fossa ovalis. 


selective angiography revealed complete trans- 
position of the great vessels with intact ven- 
tricular septum. 

A No. : Fogarty catheter was advanced into 
the left atrium and the balloon inflated. The 
catheter was withdrawn across the atrial sep- 
tum, This was repeated several times, with pro- 
gressively less resistance to withdrawal. De. 
spite the apparent ease with which the balloon 
procedure was done, the infant showed little 
clinical improvement, so that a Blalock-Han- 
lon procedure was carried out 3 days later, 


Case vi. Transposition of Great Vessels. This 
33 week old male infant was admitted to the 
University of Minnesota Hospitals with a 
history of cyanosis and cardiomegaly since 
birth. On admission evidence of cardiac failure 
was present. Following digitalization, cardiac 
catheterization and selective angiocardiography 
revealed complete transposition of the great 
vessels with intact ventricular septum. At the 
time of catheterization a No. ¢ Fogarty catheter 
was advanced to the left atrium and inflated. 
The inflated balloon was withdrawn three 
times across the atrial septum; each time de- 
creasing resistance was met. Following the 
procedure, the infant was less cyanotic, and 
exhibited less respiratory distress. His status, 
however, was not sufficiently improved, so 
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that a Blalock-Hanlon procedure was done 1 
week lacer. 


COMMENTS 


The creation of atrial septal defect b va 
technique. under local anesthesia is very 
desirable since general anesthesia alone m av 
have a high mortality rate in critically ill 
patients with transposition of the great 
vessels. In spite of the fact that our series 
is too small to draw anv final conclusions, 
itis likely that the success of this procedure 
depends largely on the anatomy in the region 
of the fossa ovalis. In the second patient 
with mitral atresia, the fossa ovalis was 
relatively thick preventing successful tear. 
This experience was also evidenced by 
numerous balloon dilatations performed on 
cadavers of newborns and infants. Bevond 
the age of 3 months, it seemed to be im pos- 
sible to cause a tear in the fossa ovalis due 
to the rather firm fibrous edge of the fora. 
men. Itis hoped that one of our mechanical 
devices, perhaps in combination with a 
balloon may yield better results, although it 
is doubrful that excellent mixing produced 
by surgical excision of the atrial septum 
can be paralleled by any of the closed pro- 
cedures, Until a reliable closed technique 
can be devised, surgerv remains the pro-- 
cedure of choice except in verv ill infants. 

Our experience in attempting to create 
interatrial communications in 6 infants, 
illustrates the frustrations and successes of 
this technique. In 2 cases, 1 with mitral 
atresia and the other with transposition of 
the great vessels, we were unable to ad- 
vance the catheter tip into the left atrium. 
In 3 other cases the procedure could be 
carriedout, and a fully inflated balloon with- 
drawn easily across the atrial septum. Such 
cases exhibited some improvement, but 
subsequently required a Blalock-Hanlon 
procedure. Perhaps in these cases, no en- 
largement of the foramen ovale was 
created, but merely the balloon was passing 
between the two leaflets of the foramen 
ovale, or the foramen was perhaps only 
stretched. Finally, in 1 case, clinical im. 
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provement following the procedure was 
sufficientlv great, that the child could be 
discharged. Five months later she is doing 
relativelv well. 

Despite these over-all discouraging re- 
sults, this procedure is a useful, and occa- 
sionally beneficial therapeutic adjunct, 
which can be performed in conjunction with 
diagnostic cardiac catheterization without 
adding significantly to the duration of the 
catheterization. It may be life-saving in the 
critically ill child as in our Case iv, and may 
provide sufficient improvement, so that the 
child is in improved cardiopulmonary 
status for operative intervention. It must 
be remembered that not all casesof trans- 
position of the great vessels will be bene- 
fitted by this technique. Prior angiocardiog- 
raphy is therefore required in order to 
delineate the defects. Certainly patients 
with transposition of the great vessels and 
intact ventricular septum are the prime 
candidates for creation of an atrial com- 
munication which permits mixing of the 
systemic and pulmonary venous returns. 
On the other hand, those patients with 
transposition and a ventricular septal 
defect have a means of mixing, but are 
generally in difficulty because of excessive 
pulmonary blood flow. In these patients 
little benefit can be expected from creation 
of an atrial communication, but rather 
pulmonary artery banding is the procedure 
of choice. 


SUMMARY 


The experimental methods of creating 
atrial septal defects are briefly reviewed. 
Our own experimental approach and results 
in dogs are described. 

Six patients underwent the closed balloon 
catheter dilatation of the foramen ovale as 
described by Rashkind and Miller’? and 
the results obtained warrant the use of this 
technique as an emergency procedure. 

One patient 1s of particular interest since 
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postmortem evaluation of the procedure 
was possible.* 


Kurt Amplatz, M.D. 

Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 
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* We have performed balloon catheterizations in 3 additional 
infants with complete transposition of the great vessels. In one 
infant significant clinical improvement occurred so that he was 
discharged and is being followed on an outpatient basis. À second 
infant subsequently required a Blalock-Hanlon operation, while 
the third infant suddenly expired 36 hours following the carh- 
eterization procedure. 
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CORRELATION OF ROENTGEN FINDINGS 
WITH HEMODYNAMIC DATA IN PURE 
MITRAL STENOSIS* 


By JAMES T. T. CHEN, M.D.,t VICTOR S. BEHAR, M.D.,f JAMES J. MORRIS, Je, M.D. 
HENRY D. McINTOSH, M.D.,f and RICHARD G. LESTER, M.D.+ 
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I THE evaluation of patients with 

mitral stenosis, it is essential to separate 
those individuals with mild forms of the 
disease from those requiring surgical inter- 
vention, The present study was undertaken 
to define the roentgen signs that are useful 
in separating these 2 groups of patients. 

There are many reports in the literature 
relating the roentgen signs of mitral 
stenosis to the hemodynamic data. 24647, 
52457» However, not all authors have 
found the various signs of equal diagnostic 
use. For example, Milne,” Moore ef al)’ 
and Jacobson e£ al” demonstrated good 
correlation between the mean pulmonary 
artery pressure (MPAP) and the size of 
the pulmonary artery segment on the 
frontal roentgenogram of the chest. On 
the other hand, Melhem ez 47. and Simon?! 
could not demonstrate significant correla- 
tion between the mean left atrial pressure 
and the size of the left atrium. Simon 
questioned the reliability of the roent- 
genography and criticized the use of 
esophagography in the evaluation of pa. 
tients with mitral stenosis. Kerley’s B lines 
and abnormal pulmonary vascular patterns 
have proved useful in assessing pulmonary 
pressures and resistances, 59 98.17.27 [n this 
study a varietv of roentgen signs were re- 
lated to physiologic data acquired in the 
catheterization laboratory, to the calcu- 
lated size of the mitral valve orifice and to 
the findings at surgical exploration. 


MATERIAL AND METHODS 


Sixty patients seen in the Cardiovascular 
Laboratory between March 22, 1960 and 


* From the Department of Radiology} and Cardiovascular Laboratory t of the De 


Medicine, Durham, North Carolina, 


June 8, 1966 were selected for analysis. 
There were 47 females and 13 males. The 
patients ranged in age from 15 to 62 years 
40.5 years). Eleven of the 60 pa. 
tients had undergone previous mitral 
valvotemy but were included in the pres- 
ent study because of the development of 
re-stenosis, 

All patients had pure mitral stenosis as 
determaned by complete right and left heart 
catheterization’ — including — transseptal 
catheterization of the left atrium. Cardiac 
output was estimated by both the dve 
dilution technique and by the Fick prin- 
ciple. 

The — roentgenographic examination 
ranged from a single posteroanterior view 
of the chest to a 4 view cardiac series with 
barium in the esophagus. The roentgeno- 
grams reviewed for this study were ob. 
tained within 30 days of the cardiac 
catheterization, 


(mean 


ROENTGENOGRAPHIC 


(Table I) 


SIGNS 


J. KERLEY'S B LINES 


These were defined as fine parallel 
linear densities in the peripheral lung 
helds, perpendicular to a pleural surface 
and usually seen in the costophrenic 
sulci, Distinct Kerley’s lines referred. to 
sharp lines 2 or more cm. in length ex- 
tending peripherally to the pleural surface. 
[Indistinct Kerley's lines included shorter 
and less discrete lines that did not extend 
to the pleural surface. The distinct lines 
were further subdivided into mild, when 


partment of Medicine, Duke University School of 
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TABLE Í 


ROENTGEN SIGNS SELECTED FOR ANALYSIS 


Roentgen Signs Definition 


1. Kerley’s B lines Fine parallel linear densities in peripheral lung fields 
(a) Distinct—2 cm. or greater 

(1) mild—few 

(11) severe—many 
(b) Indistinct—short, ill-defined 
Peripheral basilar constriction and central upper dilatation 
(a) Pure venous 
(b) Combined venous and arterial 
Posterior deviation of the esophagus on the lateral esophagram 

(1) mild—12 cm.* or less 

(11) marked—more than 12 cm? 
MPAP=DPA/DHT X 100 
Measured at the widest point distal to the right middle lobe 

artery 


2, Abnormal pulmonary vascular pattern 
3. Left atrial enlargement 


4. DPA/DHT 
5. Diameter of the right descending 
pulmonary artery 


Abbreviations: DPA- diameter of pulmonary artery; DHT = diameter of the left hemithorax; MPAP- mean pulmonary arterial 


pressure. 


only a few lines were present, and severe 
indicating the presence of many lines 


(Fig. 1). 


2. ABNORMAL PULMONARY VASCULAR PATTERN 


This roentgen sign included both pure 
venous and combined venous and arterial 
changes. The changes in the arteries were 
similar to those in the veins and included 
constriction of the lower and peripheral 
vessels and dilatation of the upper and 
central vessels (Fig. 2-5). 


3. LEFT ATRIAL ENLARGEMENT 


Left atrial enlargement was defined as 
any degree of enlargement of the chamber 
which was detectable on either plain 
roentgenography of the chest or with the 
aid of esophagography. The latter method 
was considered more accurate, and the 
degree of left atrial enlargement was 
quantitated by measuring the area of 
posterior esophageal deviation on the 
lateral esophagram and expressed in cm.? 
(Fig. 6). This measurement was obtained 
in 26 patients. Left atrial size by definition, 
therefore, implies left atrial enlargement. 
Marked left atrial enlargement was de- 
fined as any degree chamber enlargement 
that produced more than 12 cm.* of the 
posterior esophageal deviation. 


4. THE RATIO BETWEEN THE DIAMETER OF THE MAIN 
PULMONARY ARTERY AND THE DIAMETER OF THE 
LEFT HEMITHORAX (DPA/DHT) 

The diameter of the main pulmonary 
artery was measured on the posteroante- 
rior chest roentgenogram as the distance 
between the outermost border of the pul- 
monary artery and the midline of the 
chest. When the pulmonary artery was 
straight or slightly concave, the measure- 
ment was made from a point on its border 
midway between the aortic knob and the 
left atrial appendage. The diameter of the 
hemithorax was measured from the mid- 
line of the chest to the left lateral pleural 
surface at the level of the left hemidia- 
phragm. From these measurements, the 
mean pulmonary arterial ^ pressure 
(MPAP) was estimated in mm. Hg by the 
following formula (Fig. 7): 


MPAP=DPA/DHT X 100. 


5. THE DIAMETER OF THE RIGHT DESCENDING 
PULMONARY ARTERY 

This measurement was made on the 
posteroanterior chest roentgenogram near 
the first bifurcation of the right descend- 
ing pulmonary artery at its widest point 
distal to the origin of the right middle 
lobe artery. At this level the outer border 
of the artery was in most cases sharply 
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lic. 2. Composite drawing of arterial and venous 
phases of a normal pulmonary arteriogram in the 
supine position, Black images represent the pul- 
monary veins and white the pulmonary arteries. 


outlines against the air-filled lung and the 
medial border against the air-filled right 
stem bronchus (Fig. 8) 





xt dnd 
lic. t. kerley's B lines in a patient with operative HEMODYNAMIC DATA 
mitral stenosis (mitral valve area 0,6 em.5). Note 
: 
i 


the many distinct horizontal lines in the right 


The following hemodynamic data were 
costophrenic sulcus. 


correlated with the roentgenographic find- 





hig. 3. Normal pulmonary vascular pattern showing larger pulmonary arteries 
and veins in the lower lung fields. 
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1G. 4. Pure venous abnormal pulmonary vascular pattern in a patient with nonoperative mitral stenosis 
(mitral valve area 1.8 cm.?). Note the dilatation of the upper and the constriction of the lower pulmonary 


| 
veins. The pulmonary arteries are normal. 





Fic. 4. Combined arterial and venous abnormal pulmonary vascular pattern in a patient with operative 
mitral stenosis (mitral valve area=o.7 cm). Note the markedly dilated vessels in the upper and the 


t; 
Ei 


markedly constricted vessels in the lower lung fields. kerley's B lines are also seen in both costophrenic 


sulci (arrows). 





T 
NO 
55 

> | 
c «o i 
a y | 
us | 
gw | 0 * Length ! 
Pp g 30b . b= Width f 
a8 | Left Airial Size"= ox b | 

v5 i 
Eu | | 

o j i 
"i M and xr dude | 
ud L. H 
do 20+ | 
= 0 i 

ao | | 

— H 

| 

i 

f 

i 

i i 
1Or 

i ; 

| i 

| | 

| | 

| 
‘a zer] 


NORMAL 
SINUS RHYTHM 
i5 Patients 


ATRIAL 
FIBRILLATION 
Hi Patients 


lic. 6. Relationship of "left atrial size" to atrial 
fibrillation in patients with mitral stenosis. "Left 
ment in terms of area (cm.*) of posterior deviation 
of the esophagus in the lateral projection. 
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Fie. 7. Relationship of the roentgenographic estima- 
tion to the catheterization measurement of the 
mean pulmonary arterial pressure (MPAP). DPA 
<= diameter of pulmonary artery. DHT — diameter 
cf left hemithorax. 
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ings: Mitral valve area (MVA) calculated 


in cm.?*; mean pulmonary arterial pressure 
(MPAP) and mean left atrial pressure 
(MLAP); total pulmonary resistance 
(TPR); pulmonary arteriolar resistance 
(PAR); and left atrial resistance (LAR). 
The presence of atrial fibrillation (AF) or 
normal sinus rhythm (NSR) was also 
noted. 
RESULTS 

Forty-two of the 60 patients had severe 
mitral stenosis requiring surgical inter- 
vention; MVA of 1.3 cm.? or less. The 
correlations between the roentgenographic 
findings and hemodynamic data in all 
patients are presented. 


I. KERLEY'S B LINES (KL) 

Distmet Kerley’s lines were seen in 23 
of the 42 patients (56 per cent) with 
operative mitral stenosis and in 1 of the 
18 nonoperative cases. One of the former 
had bilateral pleural effusions and was 
excluded from the statistics involving 

* Cases with a calculated MVA of 1.3 em? or less were classi- 


fied as operative mitral stenosis; those with a MVA greater than 
1,3 cm.? were considered nonoperative. 


RIGHT DESCENDING PULMONARY ARTERY 





o iO 20 30 40 50 60 70 80 


MEAN PULMONARY ARTERIAL PRESSURE 
mm Hg 


Fic. 8. Relationship of the diameter of the right 
descending pulmonary artery to the mean pulmo- 
nary arterial pressure, e Male. © Female. 
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TasrE II 
CORRELATION OF KERLEY'S LINES AND HEMODYNAMIC DATA IN $9 PATIENTS WITH MITRAL STENOSIS* 
Kerley's B 
Lines Kerley's B Lines 
A. oe B. 
Absent Distinct 
Hemodynamic Data or In- Pres- Hemodynamic Absent Indistinct 
distinct ent Data Few Many 

MVA <1.3cm2 18 23 MVA Range 0.6-2.4 I.0O-1.4 O.3-1.2 0.6-1.5 

>1.30m.? 17 1 (cm. Mean 1.4 1.3 o.8 0.9 
MPAP»3omm.Hg 1o 18 MPAP Range 10-77 19-36 20-80 22—60 

<30mm. Hg 25 6 (mm. Hg) Mean 27.1 26.7 39.0 41.4 
MLAP>20mm.Hg 11 18 MLAP Range 3-32 I1-25 13-24 16-32 

<20 mm. Hg 24 6 (mm. Hg) Mean 15.0 19.0 21.3 23.6 
TPR >ti units 5 14 TPR Range 2.50-26.55 4.32-8.78 6.11-4§.33 6.74-23.0 

<II units 30 IO Mean 7.70 6.20 15.65 13.44 
PAR > 6units 4 l0 PAR Range 0.48-15.32 0.8-3.17  2.22-28.0 0.5-12.60 

< 6 units 31 14 Mean 3.56 1.84 1278 5.80 
LAR > 5 units 9 18 LAR Range 0.58-11.03 2.73-5.61 53.89-17.33 3.48-17.33 

< § units 26 6 Mean 4.14 4.36 7.63 7.78 


* One out of the 60 patients had bilateral pleural effusion and was excluded from the calculations. 
Abbreviations: MVA= mitral valve area calculated by cardiac catheterization; MVA < 1.3 cm.t& MVA of 1.3 em. or less; MVA 1.3 
cm.?= MVA of 1.4 cm.! or more; MPAP= mean pulmonary arterial pressure; MLAP- mean left atrial pressure; TPR= total pulmo- 


nary resistance; PAR = pulmonary arteriolar resistance; LAR left atrial resistance. 


Kerley’s lines. Twenty-three of the 24 
patients (96 per cent) with distinct Ker- 
ley’s lines had a calculated valve area of 
1.3 cm.? or less (Table 114); in 22 of these 
patients, the valve area was calculated at 
I.1 cm.* or less. The patient in the non- 
operative group with distinct Kerley's 
lines had a MVA of 1.5 cm.? The presence of 
indistinct lines was of no valuein separating 
operative from nonoperative mitral sten- 
osis (Table 1). 

In patients with distinct lines, the mean 
pulmonary arterial pressure (MPAP) 
ranged from 20 to 80 mm. Hg (mean, 40.0); 
80 per cent of these patients had a MPAP 
greater than 30 mm. Hg. The mean left 
atrial pressure (MLAP) in these patients 
ranged from 13 to 34 mm. Hg (mean 22.5). 
The MLAP was greater than 16 mm. Hg 
in gI per cent and greater than 20 mm. 
Hg in 74 per cent of these patients. The 
presence of indistinct lines was again of 
no predictive value although such patients 


had a slightly higher MLAP than patients 
without Kerley’s lines (Table 118). Those 
patients with many distinct lines had 
slightly higher pulmonary arterial and 
left atrial pressures than those patients 
with few distinct lines (Fig. 9). 

Seventy-five per cent of the patients 
with Kerley's lines had a left atrial resis- 
tance (LAR) greater than 5 units. There 
was no significant correlation between 
total pulmonary resistance (TPR) or pul- 
monary arteriolar resistance (PAR) and 
the presence of Kerley’s lines; however, 
in patients without Kerley’s lines the 
TPR, PAR and LAR were within normal 
limits in 84, 87 and 74 per cent, respec- 
tively. 


2. ABNORMAL PULMONARY VASCULAR PATTERN 
(AvP) 
There was no correlation between a 


pure venous abnormal pulmonary vascu- 
lar pattern (AVP) and the calculated 
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lic. 9. Upper: Relationship of Kerley's B lines to 


mean pulmonary arterial pressure. The horizonta! 
broken line indicates the average value of the 
pressure in each group of patients. Louer: Rela- 
tionship of Kerley’s B lines to mean left atrial 
pressure. The horizontal broken line indicates the 


average value of the pressure in each group of 


patients. 


mitral valve area. However, 33 of the 34 
patients with both combined venous and 
arterial changes had operative mitral 
stenosis (Table mma). Twenty-six of these 
33 patients (78 per cent) had a calculated 
mitral valve area of 1.1 cm. or less. 

With the development of more severe 
pulmonary vascular changes, że., nor- 
mal-»pure venous AVP—»combined venous 
and arterial AVP, a progressive increase 
was observed in mean pulmonary arterial 
pressure, mean left atrial pressure, and 
total pulmonary and left atrial resistance 


(Table tip). A significant elevation in 
pulmonary arteriolar resistance (PAR) 
was noted in patients with combined 
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arterial and venous changes but not in those 
with pure venous changes. 


3. LEFT ATRIAL ENLARGEMENT (LAE) 


Enlargement of the left atrium was 
observed in $8 of the 60 patients. There 


was a cistinct relationship between marked 
left atrial enlargement and the presence 
of atrial fibrillation. The average area of 
posterior esophageal deviation in 11 pa- 
tients with atrial fibrillation was 22.1 
cm.*, and 9.4 cm.? in 164 patients with nor- 
mal sinus rhythm ( (Fig. 6). Eighty-eight 
per cent of the patients with an area 
greater than 12 cm. had atrial fibrillation. 
Ot the patients in atrial fibrillation, 87.5 
per ceat were in the operative and 12.5 
cent in the nonoperative group (Table 

iv). In those patients with greater than 
12 cm. of esophageal deviation, 83 per 
cent had a mitral valve area of 1.3 cm? 
or less (Table vi). This measurement, 
although indirect, was therefore useful in 
E operative mitral stenosis (Fig. 

o). There were no other consistent cor- 
eee between left atrial size and the 
hemodynamic data. 


4. RATIO 
PULMONARY 


BETWEEN THE DIAMETER OF THE MAIN 
ARTERY AND THE DIAMETER OF ‘THE 
HEMITHORAX (DPA)/ (DHT) 

This ratio provided estimates of the 
mean pulmonary artery pressure within 
20 per cent of the pressure determined at 
catheterization in 32 of the 60 patients and 
within 3o per cent in 37 patients (Fig. 7). 

The data obtained in 14 normal sub- 
jects are included in Table v. The ratio 
of DPA and DHT tends to overestimate 
the pulmonary artery pressure in nor- 
mal subjects and in patients with mild 
mitral stenosis, and to underestimate 
the pressure in patients with operative or 
severe mitral stenosis. 


5. DIAMETER OF THE RIGHT DESCENDING PULMONARY 


ARTERY (DRPA) 
DRPA measurements in normal sub. 
and in 60 patients with mitral 
stenosis are shown in Table vr. The values 
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Tage ITI 


CORRELATION OF ABNORMAL PULMONARY VASCULAR PATTERN AND HEMODYNAMIC DATA IN 60 PATIENTS 
WITH MITRAL STENOSIS 


———  P—— PP aa A PRA TT HPI 





Pulmonary Vascular Pattern Pulmonary Vascular Pattern 
H . Normal Abnormal Hemody- Normal Abnormal 
A. emodynamic SRE eT, “1 Bee 
Data Pure Venous Date Pure Venous Venous and 
Venous and Arterial 
MVA «1.3 cm.? 4 5 33 MVA Range 0.7-2.4 O.7-4.I O.3-1.5 
21.5 cm.! 8 9 I (cm.£) Mean 1.6 I.4 o.86 
MPAP >30 mm. Hg I 5 22 MPAP Range 13-31 I0—-77 20-80 
«3o mm. Hg 1I 9 12 (mm. Hg) Mean 25.0 28.0 38.4 
MLAP >20 mm. Hg o $ 22 MLAP Range 7-18 3732 12-44 
<20 mm. Hg 12 9 12 (mm. Hg) Mean 10.7 15.6 21.3 
TPR >11 units Y I I7 TPR Range 3.09-14.73  2.38-26.55 $.8—45.33 
<Ir units II 13 17 Mean 6.44 7.51 I4.20 
PAR >6 units I 1 12 PAR Range ©.54-7.89 o.48-15.52 o. §-28.0 
<6 units II I3 22 Mean 3.90 3.42 6.26 
LAR 2$ units a 28 LAR Range 1.23-3.60 . o.58-11.03 I.46-17.33 
«6 units II 12 6 Mean 3 4.10 3.19 


Abbreviations as in Table 1 and n. 


are significantly higher in patients with 
mitral stenosis than in normal subjects. 
Furthermore, among the patients a greater 
mean value is noted in those with severe 
mitral stenosis. 

In male patients with mitral stenosis, 
a DRPA of 16 mm. or more indicated 
the presence of pulmonary hypertension; 
the corresponding diameter in the female 
was 15 mm. (Fig. 8). On the other hand, 
the presence of pulmonary hypertension 
could be virtually excluded with DRPA 


measurements of 11 and 12 mm. or less in 


female and male patients, respectively. 
Intermediate DRPA measurements were 
of no use in predicting the presence of 
pulmonary hypertension. 


ACCURACY OF THE ROENTGENOGRAPHIC SIGNS IN PRE- 
DICTING OPERATIVE MITRAL STENOSIS 


The roentgenographic demonstration of 
combined venous and arterial pulmonary 
vascular changes, Kerley's B lines, and 
marked left atrial enlargement indicates 
the presence of operative mitral stenosis 
(1.3 cm.? or less) in 97 per cent, 96 per cent, 


TABLE IV 


INCIDENCE DISTRIBUTION OF ATRIAL FIBRILLATION IN OPERATIVE 
AND NONOPERATIVE CASES OF MITRAL STENOSIS 











MVA AF NSR Total 
«1.3 cm3 21 2i 42 
21.3 em. 3 I5 18 
Total 24 36 60 





Abbreviations: AF» atrial fibrillation; NSR= normal sinus rhythm; MVA «1.3 cm.!* MVA of 1.3 cm.? or less; MVA »1.3 cm.? 


== MVA of 1.4 cm.? or more. 


me 


50 


E. 
o 


(Degree of Esophageal Deviation) 


"LEFT ATRIAL SIZE" in cm? 


O 025 05 


Fic. to. Relationshi 


valve area in patients with atrial fibrillation and 
normal sinus rhythm. 
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and 83 per cent of the patients, respec- 
tively (Table vir). Operative mitral sten- 
osis was present in 100 per cent of the 
patients with the roentgenographic com- 
bination of Kerley’s B lines and/or com- 
bined arterial and venous pulmonary vas- 
cular changes plus marked left atrial 
enlargement. However, in the absence of 
these roentgenographic signs tight mitral 
stenosis could not be excluded. 





o Afrial fibrillation 
© Normal sinus rhythm 






DISCUSSION 


The hemodynamic changes of progres- 
sive mitral stenosis have been classified 
as passive and reactive. Rushmer? has 
reported that a progressive reduction in 
mitral valve area is accompanied by a 
passive increase in left atrial pressure. 
This passive increase in distending pres- 
sure 1s, therefore, probably responsible 
for the gradual increase in left atrial size 
seen roentgenographically. As the pul- 
monary vasculature is in direct continuity 
with the left atrium, this increase in pres- 


130 15 175 200 


100 _ 
MITRAL VALVE AREA 
cm? 


0.75 


p of "left atrial size" to mitral 


Taste V 


MEAN VALUES OF ESTIMATED AND MEASURED MPAP IN NORMAL SU BIECTS AND IN 


E ue MPAP mm Hg) 
Bd ‘DHT x iem 


PATIENTS WITH MITRAL STENOSIS 


En MPAP [M Hg) 
Pe auietenae doh ee) 


Normal* Nonoperative M MS Operative N MS. NormalT Nonoperative N MS Operative N MS. 
PN: 2:5 PN TY; 16.G 20.3 "propos 


* Mean value obtained from 14 normal subjects (7 males and 7 females). 

T Mean value in normal subtects according to Schlant. 

Abbreviations: MS= mitral stenosis; MPAP= mean pulmonary arterial pressure; DPA = 
= diameter of the hemithorax. 


Tage VI 


DIAMETER OF THE RIGHT DESCENDING PULMONARY ARTERY 


diameter of main pulmonary artery; DHT 





Males Females 

13:0 12.0 14.8 12.6 I5] 16.0 
(11-15) (10-14) (13717) (9-18) (13-22 (10-23) 
mm. mm mm. mm mm mm. 


MAHUITHTHIUHHTHUARAIHMAMT ATH Vh HP HH AESTATIS rr sinere et rto A A A PUPPI ree TP PETI deni UHR PAIR M AME TRAIN e OT a a n C C RP 


* Values obtained from 14 normal subjects (7 males and 7 females). 
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Tapie VII 


ACCURACY OF ROENTGENOGRAPHIC SIGNS IN DISTINGUISHING B ET WEEN 
OPERATIVE AND NONOPERATIVE MITRAL STENOSIS 





Roentgenographic Cases 
Signs Examined 


KL 59 


No. of Cases 


Nonoperative 
No. of Cases Per Cent 


Operative 
Per Cent 


Spem 23 gb 1g 66 

PE TRES 1 4 16 34 
CAVP 6o 

«1.3 em. 33 97 9 17 

cdam CHE 1 1 7 81 
MLAE 26 

€ ei." 10 83 10 $4 

Sistem” 2 F 4 46 
KL4-MLAE 26 

<1,3 cm- j 100 13 68 

24.94€. O O fy 12 


e m. 

3g sm" 
KE+CAVP+MLAE 26 

2 


2429 cb 
dors 


Abbreviations: MVAz mitral valve area calculated by cardiac catheterization; MVA « 1.3 


CAVP+MLAE. 16 


b 100 14 70 
Oo O 6 10 
6 100 14 70 
O o ^h 30 


cm2= MVA of 1.3 cm? or less; MVA 


>1.3 cm5 MVA of 1.4 cm? or more; KL= Kerley's B lines; CAVP= combined venous and arterial abnormalities in the pulmonary 
vascular system; MLAE = left atrial enlargement to more than 12 ¢m.’, 


sure is transmitted to the right side of the 
heart with the production of pulmonary 
congestion. These changes are reflected 
roentgenographically by the generalized 
dilatation of the pulmonary arteries and 
veins until "reactive" changes develop in 
the pulmonary vasculature. In addition, 
engorgement of the pulmonary veins and 
lymphatics leads to the development of 
Kerley's lines which are thought to repre- 
sent thickened interlobular septa from 
interstitial edema and/or fibrosis. * 5 19 0:1? 
Kerlev's lines are usually seen as thin 
parallel linear densities, perpendicular to 
a pleural surface in the periphery of the 
lung. In order for these thin lines to be 
visualized, according to Ellis, they must 
be oriented parallel to the roentgen-ray 
beam. This optimal orientation of the 
interlobular planes occurs in the costo- 


phrenic sulci. Such lines are designated 
as “B” lines. Kerley’s lines may also be 
seen radiating toward the hilar regions for 
a distance of 2 inches or more without 
branching. These lines are designated as 
“A” lines. Kerlev's A lines are seen only 
with acute episodes of pulmonarv inter- 
stitial edema and are always transient. 
Therefore, only “B” lines are present long 
enough to be clinically useful." 

As the pulmonary capillary pressure 
approaches plasma osmotic pressure, "re. 
active" changes occur in the pulmonary 
vasculature in an attempt to protect the 
pulmonary capillary bed and to prevent the 
development of pulmonary edema. Many 
descriptions of these changes have been 
reported,?51065:51723. Peripheral constric- 
tion begins initially in the pulmonary 
veins with later involvement of the pul. 
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monary arteries. Friedman and Braun- 
wald’ and other investigators?" have stud- 
ied regional pulmonary blood flow in nor- 
iin ricca as wey as S paint, Miu mitral 


dust. T hes cies have aa re 
that flow to the lower lung fields is nor- 
mally increased in the erect position. 
In patients with mitral stenosis, however, 
a reversal of this pattern was observed 
with more flow to the upper lobes than to 
the lower lobes. These investigators con- 
cluded that the increased hydrostatic 
pressure exerted on the vasculature to 
the lower lungs made them more responsive 
to these changes. Ueda and co-workers?? 


have demonstrated that this reversal of 


How in patients with mitral stenosis may 
be even more abnormal in the supine 
position, Changes in flow, therefore, ap- 
pear to be responsible for the abnormal 
pulmonary venous and arterial changes 


observed on the plain roentgenogram of 


the chest. 

As has been demonstrated in this study 
and in reports by other investigators, both 
the left atrium and the main pulmonary 
artery enlarge with the 
greater distending pressures. We have 
demonstrated the ability to estimate, with 
reasonable accuracy, the distending pres- 
sure in the mean pulmonary artery pres- 
sure by means of DPA/DHT and the 
diameter of the right descending pulmonary 
artery. However, left atrial size did not 
reflect mean left atrial pressure with any 
degree of reliability. Melhem e 27/5 have 
suggested several reasons for the latter: 
(1) difficulty in accurately assessing left 
araa] size by chest roentgenographv; (2) 
the development of pulmonary arteriolar 
constriction; and (3) pathophvsiologic 
changes in atrial compliance, Such changes 
in compliance apparently do not occur 
in the pulmonary artery until the develop- 
ment of pulmonary sclerosis secondary to 
long standing hypertension. Therefore, the 
size of the pulmonary artery remains a 
good indicator of pressure until the late 
stages of mitral stenosis. In addition, the 
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influence of body size is partially comper 
sated for by the use of the hemithoraci 
diameter in the calculation.2:1917.25. Jt j 
apparent that the distance from the mic 
sternum to the outer border of the pul 
monary artery is not a measure of th 
diameter of the pulmonary artery. B 
measuring the true diameter of this vesse 
or its right main branch on a pulmonar 
angiogram, Soloff ez al.” and Sidd e£ al. 
were able to more accurately estimate th 
mean pulmonary artery pressure. 
Although left atrial size did not appea 
to be related to left atrial pressure, ther 
was a definite association with the presenc 
of atrial fibrillation. The pathophysiolog: 
of this relationship is still unresolved. I 
has been postulated that the large lef 
atrium in mitral stenosis is more suscep 
tible to fibrillation, while others sugges 
that as the atrium fibrillates it enlarge 
secondary to a loss of muscle tone. Fur 
thermore, the massive loss of myocardiun 
of the left atrium incident to the initia 
rheumatic process might be the single mos 
important factor in the development c 
marked left atrial enlargement and atri 
fibrillation in tight mitral stenosis." 
It is apparent from this study that a 
though the roentgenographic measure 
ment of chamber or vessel size may be c 
use In estimating its distending pressure 
it is frec jenes aught with Au 


end ped dm d vereof, has pou 
extremely helpful and accurate in dis 
tinguishing between operative or sever 
from nonoperative or mild mitral stenosis 


SUMMARY 


In 60 patients with pure mitral stenosis 
roentgenographic examinations of the ches 
were made within 30 days of complet 
right and left heart catheterization. Th 
relative accuracv of the different roentge 
signs in predicting a mitral valve area « 
1.3 cm.’ or less was as follows: (1) Kerley 
B Iines--96 per cent; (2) combined venot 
and arterial abnormalities in the pulmonar 
vascular pattern—97 per cent; (3) le! 
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atrial enlargement producing more than 
12 cm.? posterior deviation of the esopha- 
gus--83 per cent; (4) either 1 or 2 plus 
3—100 per cent. Marked left atrial en- 
largement correlated best with atrial fibril- 
lation. For assessing pressures and the 
resistances, the abnormal pulmonary 
vascular pattern appeared to be more sensi- 
tive than Kerlev's B lines. In predicting 
mean pulmonary arterial pressure, the 
pulmonary artery/hemithorax ratio was 
more accurate than the diameter of the 
right descending pulmonary artery. 

It is concluded that in addition to 
indicating specific hemodynamics, chest 
roentgenograms provide a sensitive and 
accurate means of predicting the presence 
of severe or operative mitral stenosis. 


Richard G. Lester, M.D. 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 27706 
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LEFT ATRIAL CALCIFICATION* 


By EUGENE GEDGAUDAS, M.D., STEPHEN A. KIEFFER, M.D., 
and CARLETON ERIC KSON, B.A. 


MINNEAPOLIS, MINNESOTA 


ALCIFICATION in the wall of the left 

4 atrium is almost always a result of 
rheumatic heart disease with predominant 
involvement of the mitral valve. Mitral 
stenosis with significant insufficiency, atrial 
fibrillation, and mural thrombi are charac- 
teristically associated with the intramural 
calcification. Seltzer ef al? found throm- 
botic material in the left atrium in 13 of 15 
patients with left atrial calcification. 

In 1898, Claude and Levadit? noted a 
focal area of calcification in the left atrium 
of a 19 year old girl at necropsy. However, 
the first case of left atrial calcification 
diagnosed | 72. vivo by  roentgenologic 
methods was not recorded until 1933.! 

A review of 1,826 cases of mitral es erie 
disease diagnosed at the University of 
Minnesota Hospitals during the vears 1951 
through 1964 yielded 26 patients with 
roentgenologic evidence of left atrial cal- 
cification. The purpose of this paper is to 
present an analysis of this group of pa- 
tients. 


FINDINGS 


The incidence of left atrial calcification 
in patients with mitral stenosis with or 
without insufficiency was approximately 
O.6 per cent in our series. There were § 

males and 21 females, a distribution similar 
to that seen in other studies, and one which 
reflects the well known female predomi- 
nance of cases of mitral valvular disease. 
The mean age at the time of diagnosis of 
left atrial calcification was 45 years. 

Of the 26 patients whose roentgenograms 
showed densities suggesting calcification, 
13 were proven at surgery or autopsy to 
have left atrial wall calcification. An addi- 
tional 9 patients underwent surgerv, but 
the surgeon made no mention on the opera- 


tive report of calcification of the left 
atrium. The remaining 4 cases did not 
come to surgery or autopsy. Thus the 
roentgen diagnosis was verified in exactly 
one-half of the total group. Calcification 
in the mitral valve leaflets was identified at 
surgery or necropsy in 12 of the 26 cases, a 
finding which differs considerably from the 
relatively low incidence (20 per cent) cited 
in the series of Seltzer et al.’ 

While thrombus in the left atrium is a 
frequent concomitant of mural calcifica- 
tion, histologically proven calcification in 
the thrombus is unusual. Calcium within a 
nS was s i b euis nd 
in only 3 
pattern of éalcin cation: in Ted AE did 
not differ from the remainder of the group. 

Caleification in the wall of the left atrium 
is frequently first identified at fluoroscopy. 
Well penetrated roentgenograms will often 
verify this finding. Planigraphy will vield 
the best visual appraisal of the extent and 
location of the calcification (Fig. 1). Ky- 
mography was frequently ' performed for 
appraisal of these patients, but was useful 
mainly in recording the pulsations of the 
cardiac borders. 

Three roentgenographic patterns of left 
atrial calcification were identified: 

The first and most common pattern was 
that of a group of rim-like plaques of 
density projected over the mid portion of 
the heart. This pattern was most fre- 
quently seen. superiorly and posteriorly 
(Fig. 2, Æ and 5B). These thin curvilinear 
densities were noted in 16 of the 26 cases. 

A second pattern— groups of shaggy nod- 
ular calcifications giving a laminated ap- 
pearance—-was seen in an additional 4 pa- 
tients. Only 1 of these patients proved to 
have calcification in a thrombus. The 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 26-29, 1967. 
From the Department of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota. 
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shaggy calcifications in the other 3 cases a 


apparently due to irregular deposition 
small plaques of calcium within the le 
atrial wall itself (Fig. 3). 

The third pattern of a dense circun 
ferential shell of calcium projected over tl 
center of the cardiac silhouette was seen 
only 2 patients. 

The remaining 4 cases of left atrial cz 
clication were identified only at fluoro 
copy and not roentgenographically. Pla 
roentgenograms of these patients we 
rather underpenetrated, emphasizing tl 
importance of high kilovoltage well pen 
trated roentgenograms 1n making tl 
diagnosis. 


DISCUSSION 


The tinding of caletheation in the wall | 
the left atrium has considerable clinic 
significance, Extensive calcification mc 
impose several technical limitations upc 
the surgeon in his operative approach : 


a P di 


hic. 1. Planigram showing laminated calcification. the mitri | valve.’ The frequent associati 








lic. 2. G7) Posteroanterior roentgenogram of a 41 vear old female with mitral valve lesion showing calcific 
tion in the left atrial wall (arrows), and pulmonary ossificatons. (5) Lateral roentgenogram of sii 
patient, 
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of left atrial thrombus with extensive 
mural calcification raises the hazard of trag- 
mentation during surgery, resulting in 
embolization.’ It is, therefore, of consider- 
able importance that the roentgenologic 
diagnosis be accurate with regard to the ex- 
tent and location of these calcifications. 
Well-penetrated roentgenograms and image 
amplified fluoroscopy may demonstrate 
thin curvilinear calcific densities over the 
center of the heart in the frontal view. In 
lateral and oblique projections, the calci- 
fication frequently outlines the posterior 
wall of the left atrium. We have been im- 
pressed by the proximity of these calcifica- 
tions to the barium-filled esophagus. There- 
fore, we feel that a well-penetrated left 
anterior oblique roentgenogram without 
barium in the esophagus should be taken, 
so that curvilinear streaks of bartum in the 
esophagus are not confused with calcifica- 
tions in the posterior wall of the left 
atrium. 

Left atrial wall calcifications are super- 





Fig. 3. Lateral roentgenogram of a $2 year old male 
with mitral valve lesion showing shaggy nodular 


calcification of left atrial wall (arrows). 
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Fic. 4. Roentgenogram of autopsy specimen showing 


calcifications of the wall of the left atrium. 


ficial involving endocardium and super- 
ficial lavers of the muscle. The authors do 
not support the theory that active rheu- 
matic Inflammation accounts for the calci- 
fication. We believe that mitral stenosis 1s 
the dominant lesion and local tissue necro- 
sis and eventually calcifications may be 
due to overstretching of the atrial wall’ 

Calcification in a left atrial thrombus 1s 
an unusual finding in our series and cannot 
be differentiated roentgenologically from 
irregular deposition of calcium in the wall, 
since both present with a shaggy nodular 
laminated pattern (Fig. 4 and 5). 

Left atrial wall calcification has been de- 
scribed in patients on massive doses of 
vitamin D or with metabolic calcinosis, 
but these cases are very rare and do not 
present the pattern of curvilinear rim-like 
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hic. s. Roentgenogram of autopsy specimen showing 


dense calcification in the wall of the left atrium. 
calcification which was most typical of this 
series of patients with mitral disease. 

The differential diagnosis of left atrial 
calcification would include calcification in 
coronary arteries, ventricular aneurysms, 
diseased cardiac valves, pericardium, ven- 
tricular infarctions, endocardial tumors, 
hilar lymph nodes, and costal cartilages.** 

The location and motion usually es- 
tablish the diagnosis. The calcifications in 
the left atrial wall are quite characteristic, 
corresponding to the outline of left atrium. 
Good basic knowledge of anatomy and 
topography of the cardiac chambers, valves 
and coronary arteries 1s, of course, essential 
in analyzing cardiac calcifications. 


ae. 


CONCLUSIONS 


A review of 1,826 cases of mitral stenosis 
and/or insufficiency seen at the Uni. 


versity of Minnesota Hospitals in a 14 vear 
period vielded 26 patients with roentgeno- 
logic evidence of calcification in the wall of 
the left atrium. Thirteen were verified at 
surgery or necropsy. 

Identification and location of left atrial 
calcification is of considerable clinical im- 
portance. Typically, fluoroscopy and well. 
penetrated roentgenograms reveal curvi- 
linear rim-like densities projected over the 
center of the heart and best identified on 
the superior and posterior margins of the 


heart shadow in the frontal and left ante- 
rior ob:igue projections. 


Eugene Gedgaudas, M.D. 
Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota ggg 
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PERISPHERICAL CALCIFICATION AT THE SITE OF 
OLD MYOCARDIAL INFARCTION* 


By RAYMOND H. MURRAY, M.D.ł 


INDIANAPOLIS, INDIANA 


YSTROPHIC myocardial calcification 

Is uncommon and its mechanism ob- 
scure.” [ts occurrence at the site of mvo- 
cardial infarction is very unusual. The 
author reports a case which demonstrated 
roentgenographically a perispherical (as in 
the wall of a cyst) calcification at the site of 
an old mvocardial infarction. There have 
been only 12 similar cases previously re- 
ported. 


REPORT OF A CASE 


Mrs. C.B.C., a 55 vear old widow and former 
U. S. Army nurse, entered the U. S. Public 
Health Service Hospital at. Baltimore, Marv- 
land because of shortness of breath and cough. 
She had had chronic and recurrent acute 
bronchitis since early adult life. Thirteen years 
before admission, she suffered a well docu- 
mented acute myocardial infarction and was 
treated tor several weeks at another hospital. 
Chest roentgenography at this time did not 
show cardiac calcification. She had had no 
symptoms suggestive of coronary artery dis- 
ease since that time. Occasional evening ankle 
edema had developed in recent vears. As the 
wife of an Army officer, she had traveled 
widely in this country and had lived abroad on 
two occasions: the Philippine Islands from 
1922 to 1924; and Panama from 1931 to 1934. 
She had had a dog in her home frequently, 
even when overseas, but these had all been 
born and bred in the United States. Cigarettes 
and alcohol had been used in moderation 
for many years. She had never been pregnant. 
There was no history of chest trauma. Except 
for her respiratory illnesses and myocardial 
infarction, she had been well. On physical 
examination, the findings were limited to the 
respiratory and cardiovascular systems. At 
rest, the patient was mildly tachypneic and 
expiration was prolonged. The anteroposterior 
diameter of the chest was increased and, on 
percussion, the diaphragm was found to be 
relatively low in position and limited in ex- 


cursion.. On auscultation, the breath sounds 
were rough, and wheezing was heard through- 
out expiration, Coarse ronchi were heard over 
the entire chest and transient fine rales were 
heard at the lung bases. The neck veins were 
prominent but filled only to the supraclavicu- 
lar region in the sitting position. Arterial pres- 
sure was 105/70 mm. Hg and heart rate 68 
beats per minute. The heart was of normal size 
and shape. The sounds were distant; aortic 
and pulmonary second sounds were of equal 
intensity and "split" normally with respiration; 
no murmurs were heard. Examination of the 
abdomen was negative. Pedal pulses were not 
palpable; peripheral arteries were firm on 
palpation. There was no edema. 

Routine urinalysis, hemoglobin and hema- 
tocrit determinations were within normal 
limits. Serologic tests for syphilis were nega- 
tive. Blood chemistries in milligrams per cent 
were as follows: fasting blood sugar, 81: urea 
nitrogen, 9: cholesterol, 23$; calcium, 10.2; 
phosphorus 4.2. Serum total protein was 7.1 
gm. per cent with an albumin-globulin ratio 
of 4.6/2.6. The alkaline phosphatase level was 
3.0 Bodansky units. Serum sodium, potassium 
and chloride were within normal limits, and the 
basal metabolism rate was normal. On admis- 
sion, the venous pressure was 110 mm. of saline. 
Vital capacity was 1,242 cc. and maximum 
breathing capacity was 40 liters/min. (both 
significantly below normal levels); there was 
evidence of "air trapping" on the spirographic 
tracing. Tuberculin skin. tests (1:1,000. and 
tid) skin test (with known potent antigen) 
was negative; the Echinococcus complement 
fixation test (performed by the Communicable 
Disease Center, U. S. Public Health Service) 
was negative. Serial electrocardiograms showed 
no change and were very similar to those 
recorded following her acute infarction 13 
vears previouslv (Fig. 1). All deflections were of 
low amplitude, but for the P-waves which were 
relatively tall. Right axis deviation was associ- 
ated with QS waves in leads V 1-3, rS waves in 


* From the Indiana University Medical Center, Department of Medicine, Indianapolis, Indiana. 
T Former Senior Assistant Surgeon, U. S. Public Health Service Hospital, Baltimore, Maryland. 
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lower 






bic. 1. Electrocardiogram consistent with chronic lung disease and old myocardial infarction. The unmarked 
tracings, paired with labeled chest-lead tracings, were recorded from electrode positions, one interspace be- 
low the usual electrode locations. The tracing is overstandardied because of low voltage, 


V 4-6, and slight ST-segment elevation and T 
wave inversion in V 4-6. 

Roentgen examination of the chest showed 
the lung fields to be clear with slightly in- 
creased radiolucency; the diaphragm was low 
in position. The heart was of normal size and 
the aorta and pulmonary vessels appeared 
normal. A near circular calcified mass 3.5 
cm. in diameter was observed within the car- 
diac apex on the posteroanterior projection 
(Fig. 2.7). Its persisting circular shape in the 
lateral and oblique projections (Fig. 2B) gave 
it the appearance of calcification in the wall of 
a Cystic structure. A special spot roentgeno- 
gram revealed irregular areas of calcification 
within the outlines of the perispherical calcifi- 
cation (Fig. 3). On fluoroscopy, the entire mass 


was seen to move synchronously with the 
movements of the left ventricular border. 

Routine asthmatic measures and antibiotics 
brought about significant improvement in her 
respiratory symptoms. After 12 days, she was 
discharged from the hospital and was followed 
subsequently as an out-patient. She continued 
to suffer from chronic respiratory symptoms 
and occasional respiratory infections. Roent- 
genographic and fluoroscopic findings had not 
changed 8 months following discharge, when 
she was lost to follow-up. Subsequent search 
revealed that she had died suddenly 5 years 
after the study, following several months of 
chronic, progressive congestive heart failure, 
and symptoms of coronary artery disease. 
Autopsy was not performed. 
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lic. 2. Perispherical calcification within the left ventricle. 
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(4) Posteroanterior projection, 


( B) Obhque projection, 


DISCUSSION 


Caleification at the site of myocardial 
infarction may occur as an amorphous 1n- 
tram yocardial mass, within a mural throm- 
bus or, as is most common, within the wall 
surrounding an infarcted area, Brean et al? 
performed roentgenography routinely at 
autopsy in a series of 813 cases and dis- 
covered § cases with gross C calcification at 
the site of old myocardial infarction (0.6 
per cent). These represented 7.6 per cent 
of all old myocardial infarctions in their 
series. All 5 cases were found among a 
group of 29 "large" infarctions, an instance 
of 17.2 per cent. From the information in 
the literature and in their own cases, they 
concluded that calcification does not occur 
at the site of myocardial infarction until 
at least 6 vears after the acute infarction, 
and that the lesion is usually found only in 
elderly men; they found no case in a 
woman, although thev described one prob- 
able case uade bes van oh at that time. 
Bogoch and Christopherson' have described 
a case in which calcification was seen to 
develop and increase rapidly in size over a 





period of months. Near complete calcifica- 
tion of the cyst-like wall surrounding a 
healed myocardial infarction has been de- 





pour 
cystic 


Fic. 3. Overpencetrated spot roentgenogram 
mottled calcification within the caleified " 
wall. 
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scribed 12 times in 8 reports: Scholz; 
Moore;* Atwood e£ a/.;; Bogoch and | Chris- 
topherson; 4 Laitinen and T homander; 
Lasky; Shapiro ef al, 3 cases; and 
Testelli and Pilz," 2 cases. Although clini- 
cal information is not available in all of 
these reports, this is only the second re- 
ported instance of this entity in a woman.’ 
Similar perispherical calcification of the 
ventricular myocardium had been re- 
ported in cases of Echinococcus (hydatid) 
disease involving the heart. This diag- 
nosis was considered originally in the 
present case, but the rarity of the disease, 
the fact that the patient had never lived, 
or traveled, in an endemic area, the nega- 
tive skin and complement fixation tests, 
and the strong evidence supporting the 
diagnosis of coronary artery deo and 
old myocardial infarction, excluded it from 
consideration. Calcification within the walls 
of pericardial cysts and in myocardial 
tumors? may rarely resemble this lesion. 


SUMMARY 


A case of perispherical calcification at 
the site of an old myocardial infarction is 
described in a £$ year old woman. Twelve 
previous similar cases have been reported 
in the medical literature. 

Indiana University Medical Center 
Department of Medicine 

317 Emerson Hall 

Indianapolis, Indiana 46207 
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ROENTGENOGRAPHIC FINDINGS IN 
CONSTRICTIVE PERICARDITIS* 


ANALYSIS OF 21 CASES 


By STEVEN H. CORNELL, 


HE variations in the appearance of the 
heart and lungs in constrictive peri- 
carditis were described by Heinz and 
Abrams! who emphasized that the heart 
may be enlarged. The older literature made 


frequent references to the "small heart” of 


constrictive pericarditis and not until rela- 
tively recently was it appreciated that the 
size and shape of the cardiopericardial sil- 
houette may vary considerably. These vari- 
ations are a reflection of the extent and 
distribution of the constricting pericardial 
sheets and bands. The constriction may 
affect the right sided cardiac chambers 
more than the left, or vice versa. Occasion- 
ally both ventricles are equally restricted in 
their diastolic expansion. Residual fluid in 
the pericardial space may also alter the 
cardiopericardial contour, 

Numerous diseases of the heart may 
mimic constrictive pericarditis clinically 
and the diagnosis is frequently difficult. 
Since the roentgenographic findings may 
be nonspecific, special procedures such as 
angiocardiography, roentgen kymography 
and cineangiocardiography have been uti- 


lized. Kymography has fallen into disuse 
and rapid film angiography 1s useful only 


for confirming constriction in the region of 


diastolic 
has been described in a small 
cases studied by cineangio- 

This consists of an abrupt 


the right atrium. Recently a new “ 
snap sign" 

number of 
cardiograph y.! 


restriction in the diastolic expansion of 


the ventricles, and is said to be specific for 
pericardial constriction. The ultimate use- 
fulness of this sign will have to await its 
demonstration in a larger number of cases 
and its absence in other tvpes of heart 
disease. 


* From the Department of Radiologv,T and the Division of Thoracic Surgery, 
Br. MP E 


Hospital, Jowa City, lowa. 


M.D.,¢ and NICHOLAS P. ROSSI, M.D.1 


IOWA CITY, 


10WA 
MATERIAL AND METHODS 

During the vears 1956 through 1966, 21 
cases of constrictive pericarditis were sur- 
gically proved and treated at the Uni- 
versity of Lowa Hospitals and the Iowa 
City Veterans Administration Hospital. 
The records and roentgenograms of these 
patients have been reviewed and form the 
basis of this report. Although in most cases 
a definite etiology could not be established, 
there were several instances in which a 
specific inflammatory agent or an episode of 
trauma to the chest could be implicated as 
the inciting factor. 

The patients ranged from 15 to 70 years 
of age. There were 17 men and 4 women. All 
patients had roentgenograms in frontal, 
lateral and both oblique projections. Flu- 
oroscopy was done in 18. Àn intracardiac 
carbon dioxide study was done in 1 patient 
and angiocardiograms were done in 2. No 
cineroentgenograms or cineangiograms were 
obtained. The roentgenograms were exam- 
ined for the presence of pleural effusion, 
pulmonary vascular congestion, and peri- 
cardial calcification. The cardiothoracic 
ratio was measured and the cardiac cham- 
bers and great vessels were evaluated for the 
presence or absence of enlargement. In a 
few cases it was not possible to assess cham- 
ber enlargement accurately because of over- 
lying pleural fluid. In these cases the struc- 
ture in question was listed as not being 
enlarged. The results of these findings are 
listed in Table 1. 

Review of the fluoroscopic reports re- 
vealed that cardiac pulsations were de- 
creased in 17 of 18 patients (g§ per cent). 
In the one patient who had an intracardiac 
carbon dioxide study, the examination was 


University Hospitals and Veterans Administration 
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ROENTGENOGRAPHIC FINDINGS IN 21 CASES OF 
CONSTRICTIVE PERICARDITIS 





Number — Per cent 


Pulmonary Abnormalities 


Pulmonary vascular con. 
gestion E cy 
Pleural efusion Te 48 


Cardiovaicular Abnormalities 


Enlarged pulmonary trunk [o GO 
Enlarged right ventricle j? 81 
Enlarged left atrium 16 zh 
Enlarged left ventricle F4 67 
Pericardial calcification 2 de 
Enlarged right atrium g 43 
Enlarged superior vena cava " 3 


Cardiothoracic ratio greater 


tino. y 6 25 
Enlarged azygos vein 4 


positive and both patients with angio- 
cardiograms had positive studies 


DISCUSSION 


This series of cases again illustrates the 
previously described variations of the 
cardiopericardial silhouette in constrictive 
pericarditis. The incidence of pulmonary 
vascular congestion and pleural efusion is 
similar to that reported by Heinz and 
ops who also made a careful analvsis 
of 21 cases. 
pi itients was positive in 95 per cent as com- 
pared to 66 per cent in their series, This 
suggests that fluoroscopy is still one of the 
most useful procedures in the examination 
of these patients, although it must be kept 
in mind that normal pulsations may some- 
times be seen. Fluoroscopy with Image 
amplification or television monitoring rep- 
resents a great improvement over the con- 
ventional fluoroscope in evaluating pulsa- 
tions of the various cardiac borders and this 


may explain in part the greater number of 


positive findings in this more recent group 
of patients. 

The pulmonary trunk was considered to 
be enlarged in go per cent of this group of 
patients, which is appreciably more than in 


Steven H. Cornell and Nicholas P. Rossi 


Fluoroscopy in this group of 


FEBRUARY, 1968 
previously reported series. Straightening or 
convexity of the left upper cardiac margin 
below the aortic knob was interpreted as 
enlargement of the pulmonary trunk. It is 
probable that in some of these cases this ap- 
pearanee was caused by pericardial thick. 
ening which filled in the usual concavity of 
this segment of the cardiac border. Regard- 
less of the exact pathologic process, 
straightening or convexity of the left upper 
cardiac border appears to be an important 
finding which has not been previously em- 
phasize: i 

The right ventricle was thought to be en- 
larged in 81 per cent of these cases. This 
does not differ markedly from previously 
reporte: series, although itis a slightly high 
figure. It must be kept i in mind that en- 
largement of the right ventricle is fre- 
quently difficult to evaluate, especially in 
the presence of other chamber enlargement. 

This group demonstrated a large left 
atrium in 76 per cent, which is considerably 
more than in the series of Heinz and 
Abrams. However, Spodick? makes the 
statement that left atrial enlargement may 
occur in up to 80 per cent of cases. 

The number of cases interpreted as show- 
ing an enlarged left ventricle is also hi gher 
than in other series. Here again, a thick 





lic. 1. The superior and inferior venae cavae are en- 


larged. The left upper cardiac border is convex 
with partial obscuration of the aortic knob. Cal- 
cium 1s visible at the apex and could be seen both 
anteriorly and posteriorly in the lateral view. 
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pericardium may be responsible for poste- 
rior protrusion of the cardiac shadow above 
the diaphragm as well as downward and 
lateral protrusion in the front: al projection, 
giving a false impression of left v entricular 
enlargement. 

Pericardial aa y was seen in 12 
cases (47 per cent). Although the heaviest 
deposition of calcium was always located 
anteriorly, the pericardium adjacent to the 
diaphragm was frequently calcified also 
and careful examination of lateral and 
oblique roentgenograms reve: der ealeieas 
tion posteriorlv in all but 2 instances, 

The right atrium. was believed. to show 
enlargement in 43 per cent of the patients 
and the superior vena cava in 33 per cent. 
An enlarged azygos vein was seen in 19 per 
cent. The incidence of these findings does 
not differ markedly from that in previously 
reported groups of cases. 

One-fourth of our cases demonstrated a 
cardiothoracic ratio of o.go or greater 
which again points out the fact that cardio- 
megaly may occur in the presence of con- 
strictive pericarditis. 

The one patient in whom a positive car- 





Although the 
different than in Figure 1, there is straightening of 


IG. 2. cardiac configuration is quite 
the left upper cardiac border. There is a right 
pleural effusion. Calcium is visible inferiorly and 
along the left border. Oblique and lateral views 
revealed it to be present both. anteriorlv and poste- 


norlv. 
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lic. 3. There is striking dilatation. of the superior 
vena cava and of the azvgos vein. Again evident is 
fullness of t the left upper border with. complete 
obliteration of the shadow of the acrtic. knob. 
Fluid is present at both bases and in the minor fis- 
sure. No pericardial calcification. was present m 
this case, 


bon dioxide intracardiac study was obtained 
had an accumulation of very thick exudate 
in the pericardial space which was causing 
cardiac constriction, 

Two patients had angiocardiograms 
which were positive by the criteria of 
Figlev and Bagshaw.? The thickness of the 
soft tissue shadow lateral to the inner as- 
pect of the right atrium exceeded 4 milli- 
meters. The lateral margin of the right 
atrial lumen was straight instead of convex 
outward and there was no change in the 





bic. 4. The heart is enlarged with some Pp E je 
of the shadow of the pulmonary trunk and left 


pulmonary artery. Calcium is seen inferiorly and 
on the left. Other projections revealed its presence 
both anteriorly and posteriorly. 
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configuration of this border throughout the 
sequence of roentgenograms, indicating 
rigidity of the wall. The superior vena 
cava was dilated. 

Figures 1 through 4 illustrate some of the 
leatures of these cases. 


SUMMARY 


The roentgenographic findings have been 
reviewed in 21 cases of proved constrictive 
pericarditis. Fluoroscopy showed absent or 
decreased pulsations in 95 per cent and re- 
mains an important diagnostic test, partic- 
ularly with the advent of image amplifica- 
tion and television monitoring. In this 
series the left upper cardiac border was 
stralght or convex in 9o per cent of patients, 
This is an important finding which has not 
been stressed sufficiently. As has been 
described before, the cardiopericardial sil- 
houette may be enlarged and its configura- 
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tion may vary considerably. Angiocardiog- 
raphy is generally not required but may be 
helpful in selected cases. 


Steven H, Cornell, M.D. 
University Hospitals 
lowa City, lowa 52240 


REFERENCES 

1. Desicers, D. T., GrorLmas, J. H., Jr, and 
MacAurix, R. N. Cineangiocardiographic 
demonstration of diastolic snap in constrictive 
pericarditis. Radiology, 1966, 86, 10§6~-1063. 

. Evans, W., and Jackson, F. Constrictive peri- 
carditis. Brit. Heart F., 1982, 14, 63-69. 

3. Ficiey, M. M., and Bacsnaw, M. A. Angio- 

cardiographic aspects of constrictive pericardi- 
tis. Radiology, 1957, 69, 46-53. 

4. Herz, R., and Aprams, H. L. Radiologic aspects 
of operable heart disease. IV. Variable appear- 
ance of constrictive pericarditis. Radiology, 
1967, 69, 54-62. 

. Sropiek, D. H. Chronic and Constrictive Peri- 
carcitis. Grune & Stratton, Inc, New York, 
196. 


- 


m 





Vor, 1023, 80.3 


ANGIOCARDIOGRAPHY IN DIAGNOSIS OF EFFUSIVE- 
RESTRICTIVE PERICARDITIS* 


By ISRAEL 


STEINBERG, M.D,,t and JACK W. C. HAGSTROM, MLD. 


NEW YORK, NEW YORK 






wd 


iG A recent review article, Schnabel'® 
questions the efficacy of the term ''con- 
strictive" used to describe the result of a 
thickened pericardium impinging on, or 
adherent to the heart. White? and many 
others as far back as lower? in 1669, and 
Chevers? in 1842, recognized the basic 
problem to be mechanical. All of the 
primary and secondary pathophysiologic 
alterations, symptoms, and signs are secon- 
dary to and comprehensible if the mechani- 
cal alteration is appreciated. Schnabel 
points out that the problem is one of restric- 
tion of cardiac movement and constriction 
of the heart; z.e., it is the exception, rather 


than the rule to find a small heart asso- 
ciated with this disease. 

Since the writings of Lower,’ Chevers,? 
Wilks,” Pick,® Sauerbruch,? Churchill? 


and White,!® little has been added to the 
description or therapy of the disease. 
Numerous individual case reports have 
ascribed the etiology of the disease to un- 
countable stresses, bacteria, fungi, and 
parasites. However, one aspect of the 
pathogenesis of the disease has been con- 
sistently presumed or disregarded. Rec- 
ognition of the importance of the pericar- 
dial effusion that accompanies the inciting 


agent is essential to the understanding of 


the restrictive result that has been called 
“constrictive pericarditis.” 

The purpose of this paper 1s to emph asize 
theimportance of pericardial effusion in the 
pathogenesis of the syndrome of restrictive 
pericarditis. Angiocardiographic examina- 
tion, herein recorded, facilitated the defini- 
tive diagnosis of effusion in six representa- 
tive cases of effusive-restrictive pericar- 
ditis. 


* From the Departments of Radiology, 


Effusive-restrictive pericarditis may be 
defined as the syndrome resulting from 
pericardial effusion and the scarring that 
eventuates in restriction. In some cases, 
long intervals of time elapse between the 
effusive and the restrictive stages. In 
others, illustrated by 6 cases described 
herein, there is a rapid transition or simul- 
taneous occurrence of the effusive and 
restrictive phases. Diagnosis of either peri- 
cardial effusion or restrictive pericarditis 
is often difficult; the combination of the two 
is even more so. Because relief of symptoms 
and cure are possible with pericardio- 
centesis and pericardiectomy, diagnosis is 
essential. 

Angiocardiography has proven reliable 
for diagnosis of pericardial effusion 18 
A restrictive component associated with 
pericardial effusion may be recognized 
when there is elevation of the venous pres- 
sure, prolongation of the circulation time, 
and ‘when the cardiac chambers are rela- 
tively normal in size. These findings mav 
also be present in cardiac tamponade, but 
can be distinguished from congestive heart 
failure because the latter is associated with 
dilated cardiac chambers. Differentiation 
from restrictive disease of the pericardium 

can be made by pericardiocentesis. When 
there is cardiac tamponade, removal of 
pericardial fluid alleviates venous hyper- 
tension, but in effusive-restrictive peri- 
carditis the venous hypertension persists. 


MATERIALS AND METHODS 


During a 4 vear period, 6 patients with 
effusive-restrictive disease were examined 
in this center. In addition to the routine 
clinical, laboratory, and roentgenographic 
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examinations, every patient underwent 
intravenous angiocardiographic studies. 
Serial Schónander angiocardiograms in bi- 
plane, and cineangiocardiographic studies 
In 3 cases were made. Svstemic venous pres- 
sures were determined by attaching a 
manometer to the special needle-stopcock 
(Robb and Steinberg) cannula. Modified 
circulation time values were obtained with 
sodium dehydrocholate, according to the 
technique previously described." The clini- 
cal courses, operative findings, and results, 
(autopsy findings 1n 2 patients) are sum- 
marized below. In 2 patients (Cases t1 and 
in) the data obtained from cardiac cathe- 
terization substantiated the diagnosis of 
restrictive pericarditis. 


REPORT OF CASES 


Case i. Effusive-restrictive pericarditis due to 
Coxsackie B-4. X 124 vear old boy was admitted 
on September 4, 1962, because of abdominal 
swelling, weight loss, anorexia, fatigue, and 
periorbital edema of 4 months’ duration. Five 
months betore admission, he had fever and 
substernal chest pain which subsided in 1 
month. On physical examination, he was 
atebrile and appeared to be chronically ill. By 
percussion the border of his heart was de- 
termined to be bevond the left mid axillary 
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line, The heart sounds were distant and muffled 
and the rate was regular at 120 per minute. The 
blood pressure was 100 So mm. Hg. The left 
lower lung field was dull to percussion and the 
breath sounds were diminished. The liver edge 
was & cm. below the right costal margin; the 
abdomen contained fluid. 

A tuberculin test (intermediate strength) was 
negative. The venous pressure at the angle of 
Louis was 2:0 mm, saline. The electrocardio- 
gram had changes that were interpreted as 
right attal enlargement and there was low 
voltage over the right ventricle. Chest roent- 
genograris disclosed an enlarged cardiac sil- 
houette fig. 1, ,Z and B). Intravenous angio- 
cardiogrzphy on September 6, 1962, revealed: 


~~ (3 


daa INS 


mm. to che right of the opacitied atrium and 
3o mm. bevond the outer opacified wall of the 
left ventricle; (2) some enlargement of the 
right atrum and ventricle; and (3) prolonged 
opacification (circulation time, sodium dehy- 
drocholate, 15.5 seconds) of the cardiovascular 
Pericardio- 


(1) a large pericardial effusion, measuring 20 


* 
n 


structures (Fig, r, C, D and &). 
centesis vielded small quantities of blood 
(hematocrit 29 per cent). A few days later, 
thoracotomy was performed. The pericardial 
sac was tense; the thickened parietal pericar- 
dium was adherent to the visceral pericardium 
only over the apex. Approximately 75 ml. of 
bloody finid separated the layers of pericar- 


dium. Toe visceral pericardium was also 





Fic. t. Case 1. (4) Frontal teleroentgenogram of the chest showing enlargement of the cardiac silhouette. 


* 


(B) Lateral esophagram showing obliteration of the retroste-nal space by the cardiac shadow. 
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thickened and dense (2-3 mm. thick). Visceral 
and parietal pericardiectomy was performed. 
During the operation, the myocardium was 
gray and the heart was noted to have enlarged 
after the pericardiectomy. The patient toler- 
ated the procedure well with only occasional 
arrhythmias. Sixteen hours after the operation, 
cvanosis and shock were evident and the venous 
pressure was elevated. Cardiac arrest super- 
vened and although resuscitation was successful 
at first, he died 8 hours later. The final clinical 
diagnosis was constrictive pericarditis of unde- 


3t 


Fic. 1. (C) Frontal angiocardiogram showing the 
dilated superior and inferior venae cavae, the 
slightly enlarged right atrium, ventricle, and 
pulmonary artery. Note elevation of the heart 
above the diaphragm and the soft-tissue density 
(arrows) adjacent to the opacified right atrial cham- 
ber. (D) Frontal angiocardiogram showing the 
enlarged left atrium and pericardial fluid (arrows) 
beyond the opacified left ventricle. (Æ) Lateral 
angiocardiogram (biplane view of C) showing that 
pericardial fluid causes displacement of the opaci- 
hed right heart structures. 


termined etiology. Histologic sections of the 
excised pericardium contained chronic inflam- 
matory cells scattered throughout loose and 
dense, richly vascularized fibrous tissue. 

The autopsy was pertormed by Dr. R. 
Weidenbacker. The pertinent anatomic find- 
ings were limited to the heart. Only small rem. 
nants of pericardium remained about the in- 
ferior vena cava and the pulmonary veins; the 
surface of the heart was shaggy and hyperemic. 
The heart was 250 gm. (expected weight 124 
gm.); all chambers were dilated to about two 
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times the normal size. The valve rings were also 
dilated, but to a less degree, The myocardium 
was mottled purple, pale, and flabby; the base 
of the right ventricle was 3 mm. thick, while 
that of the left was 10 mm. The endocardium 
of the right and left atria was focally opaque, 
Focal, subendocardial hemorrhages were pres- 
ent in either ventricle. The coronary arteries 
were normal. Multiple histologic sections from 
all areas of the heart were examined, The myo- 
cardium was covered by collagenous connective 
tissue in which there were numerous vascular 
channels of varying sizes, many containing 
recent thrombi. Numerous mononuclear cells 
were scattered throughout the connective tissue 
and in the outer one-third of the myocardium 
of all chambers. A layer of fibrin admixed with 
neutrophils and erythrocytes covered the en- 
tire surface. The myocardium was congested; 
focal hemorrhages were present. Scattered 
myofibers were hypereosinophilic and others 
contained clear sarcoplasmic vacuoles. Moder- 
ate numbers of perivascular collections of 
lymphocytes and neutrophils were present in 
the myocardium of all chambers and septa. 
Sections from the grossly-described areas of 
opacified endocardium revealed only focal hy- 
pocellular endocardial fibroelastosis. 

The lungs, liver, spleen, and kidneys were 
heavy and congested. Other organs were nor- 
mal. Coxsackie B-4 virus was cultured from 
the pericardial fluid obtained at the time of 
pericardiectomy. No other tissues were ex- 
amined for the presence of the virus. 


Case i, Effustve-restrictive pericarditis prob- 
ably due to Histoplasma capsulatum. A 23 year 
old woman was admitted on October 9, 1962, 
with the complaint of chest pain of 33 weeks’ 
duration which had begun abruptly while she 
was in the West Indies. She described a “vice- 
like” left chest pain which increased with in- 
spiration. A roentgenogram of the chest, taken 
on return to New York City, showed enlarge- 
ment of the cardiac silhouette. 

Physical examination at this hospital re- 
vealed a well developed and well nourished 
woman with slight fever, but no distress. A 
pleural friction rub was heard over the base of 
the right lung. A loud to-and-fro pericardial 
friction rub was heard along the left sternal 
border. The heart sounds were distant; there 
were no murmurs and the blood pressure was 
100/60 mm. Hg. À roentgenogram of the chest 
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pleural effusion, and calcific deposits at the 
hilus anc mid portion of the left lung (lig. 2.4). 


Pericard ocentesis on October t1, 1962, vielded 
10 ml. of turbid vellow fluid. On October 19, 
1962, nght thoracentesis yielded 250 ml. of 
turbid yellow fluid. Smears and cultures of 
these were negative. Venous pressure on No- 
vember é, 1962, was 185 mm. saline at the level 
of the right atrium. First and second strength 
tuberculin tests were negative. The histoplas- 
mic skin test was positive; complement fixation 
test for Aistoplasma capsulatum was positive 
to a trer of 1:32. The electrocardiogram 
showed low amplitude and ST and T wave 
abnorma ities that were interpreted as being 
consistent with pericarditis. She was improved 
when discharged on November 7, 1962. 

On Oc-ober 20, 1963, 13 months after onset 
of symptoms, she was readmitted because of 
amenorrtea. She had had dyspnea on exertion. 
There wes slight distention of the neck veins, 
the chest was clear to auscultation and the 
heart was slightly enlarged by percussion, The 
blood pressure was 115/80 mm. Hg. The liver 
was enlarged and the edge was 6 cm. below the 
right costal margin. There was no peripheral 
edema. The electrocardiogram showed low am- 
plitude and abnormal T waves. The venous 
pressure was 170 mm. saline at the level of the 
angle of Louis. A roentgenogram of the chest 
showed ealargement of the cardiac silhouette 
and calcrhe deposits at the left hilus (Fig. 2, B 
and C). 

Intravenous angiocardiography on October 
23, 1963, showed prolongation of the circula- 
tion (sodium dehydrocholate 16 seconds, aver- 
age normal 8 seconds) and slight enlargement 
of the left atrium which measured 9.57 cm. 
(average norma! 8X 5.5 cm.). The pericardium 
was thickened 10 mm. beyond the right atrium; 


on the left side it measured 30 mm. (Fig. 2, D, 


October 23, 1963, yielded no fluid, but on Octo. 
ber 31, 16635, 30 ml. of serosanguineous fluid was 
obtained. Smears and cultures of the pleural 
and pericardial fluids were negative. Cardiac 
catheterization by Dr. Daniel S. Lukas on 
November 1, 1965, revealed high right atrial, 
ventricular, pulmonary arterial and pulmonary 
wedge pressures (18, 38/21, 34/23, and 23 mm. 
Hg, respectively), all of which increased 
markedly after exercise to 34, 58/37, 54/39, and 
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44 mm. Hg, respectively. Right ventricular 
compliance during diastole was present and the 
high pulmonary venous hypertension was con- 


sistent with the diminution of distensibility of 


the left ventricle. The diagnosis was marked re- 
striction of both ventricles. 

Thoracotomy was performed on November 
17, 1963. Pulsation of the pericardium was 
markedly diminished. The pericardium was 
granular throughout and the parietal pericar- 
dium over the right ventricle was 3 mm. thick. 
Clear, light yellow fluid filled the small peri- 
cardial space. Incision of the pericardium over 
the left ventricle and pulmonary artery did not 
result in increased contraction of the heart. Ac- 
cordingly, partial decortication of both ven- 
tricles was performed. Although cardiac con- 
tractions and excursions were markedly im- 
proved, the venous pressure at the conclusion 
of the operation was 240 mm., compared to the 
390 mm. saline at the beginning of anesthesia. 
She was given digitalis following the operation, 
but the venous pressure remained elevated (250 
mm. saline). Despite transfusion of blood, the 
blood pressure decreased and the pulse rate in- 
creased. She died 24 hours after operation. 

The autopsy was performed by Dr. F. Raafat. 
The thick, gray-white tissue that had been 
found at the time of surgery, had been mostly 
removed from the anterior surface of the heart 
and partially removed from the right, left, and 
diaphragmatic surfaces. The decorticated car- 
diac surfaces were shaggy and slightly hyper- 
emic. Fragments of dense, gray-white tissue 
remained over the right and left ventricles and 
over most of the right atrium. The pericardial 
space surrounding the left atrium and the dis- 
tal portions of the pulmonary veins was totally 
obliterated. Instead, these structures were sur- 
rounded by a mass of inelastic, dense, gray- 
white tissue, 5-7 mm. thick that blended 1m- 
perceptibly with the pericardium. Similar tis- 
sue surrounded the base of the heart and the 
root of the aorta. The pericardial reflection 
around the root of the pulmonary artery formed 
a circumferential band, 1.0 cm. broad, that 
constricted the lumen of the main pulmonary 
artery, beginning a few millimeters distal to the 
superior margin of the aortic sinuses. Calcific 
deposits were present in this tissue. A cleavage 
line was not identified at any point where the 
pericardium had not been surgically resected. 
Histologic sections of the pericardium were 
composed of dense collagen in which there were 
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numerous small blood vessels and scattered 
mononuclear cells. Granulomas, composed of 
amorphous material, and foreign body-type 
giant cells, surrounded by epitheloid cells and 
Ivmphocytes, were present in all sections from 
all areas of the pericardium, Neither tubercle 
bacilli, nor hyphae, nor spores were identified. 
Fibrin, admixed with neutrophils and erythro- 
cytes, was present over the decorticated sur- 
faces. 

Granulomas, similar to those described 
above, were identified in the lungs, liver, spleen, 
and pulmonary hilar lymph nodes. With the 
use of suitable media and special stains, no 
microorganism was cultured or observed in any 
tissue. The liver, spleen, and kidneys were 
heavy and showed evidence of passive conges- 
tion, 


Case ut. Effusive-restricttve pericarditis due 
te tuberculosis, A 62 year old retired truck 
driver was admitted on January 14, 196s, with 
a nonproductive cough, dyspnea, orthopnea, 
and weakness of 4 months’ duration. A month 
earlier, he had been in another hospital follow- 
ing the sudden onset of nocturnal paroxysmal 
dyspnea; a left thoracentesis was performed 
and having improved, he was discharged on 
January 10, 1965. After being at home tor 3 
days, the cough and dyspnea increased and he 
was admitted to The New York Hospital. Ex- 
amination revealed a well developed and well 
nourished man. The pulse was regular at 100 
per minute; the respirations were 16 per minute, 
and the blood pressure was 94/76 mm. Hg. 
There was dullness and decreased breath 
sounds over the bases of both lungs; the heart 
size was judged normal. The liver was not 
tender, but the edge was 6 cm. below the right 
costal border. 

The roentgenogram of the chest showed en- 
largement of the cardiac silhouette and effu- 
sions at both lung bases (Fig. 3, Æ and B). 
Right thoracentesis vielded 350 ml. of sterile 
straw-colored fluid. On January 21, 1965, In- 
travenous angiocardiography revealed peri- 
cardial effusion. The pericardial layer measured 
20 mm. bevond the opacified right border of 
the right atrium, and on the left, it measured 
30 mm. to the left of the opacified left ven- 
tricle (Fig. 3, C, D and Æ). The circulation 
time (sodium dehydrocholate) was prolonged 
to 20 seconds, and the venous pressure was 
elevated to rro mm. saline at the angle of 
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1905, because of increasing fatigue and anor- 
exia. He had discontinued the antituberculous 
drugs because of anorexia. Dullness, decreased 
breath sounds, and rales were heard over the 
bases of both lungs. The heart sounds were 
audible, regular, and without murmurs. The 
edge of the liver was 6 cm. below the r ight 
costal margin. The blood pressure was 120, 80 
nm. Hg. The venous pressure was 130 mm. 
saline and the electrocardiogram was normal. 
Isoniazid and para-aminosalicy lic acid were re- 
instituted. The patient improved, and was dis- 
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Fic. 2. Case ir. (4) Frontal teleroe 'ntgenogram of the 
chest showing a huge cardiac silhouette. Note the 
left hilar and pulmonary calcification (arrows) 
and bilateral pleural effusion. 


E 


louis. On January 25, 1965, 800 ml. of sterile 
straw-colored fluid was withdrawn via left 
thoracentesis. The electrocardiogram showed 
normal sinus rhythm, rate 100 per minute, and 
abnormal ST segment and T wave abnormal- 
ities, 

On l'ebruary 12, 196s, pericardiecte my was 
done under general anesthesia. The pericardium 
was thickened to 1-; mm. Dense adhesions 
between the pericardium and myocardium were 
encountered and required decortication which 
took 24 hours. The pericardium was left open 
at the completion of the operation. 

Histologic examination of the pericardium 
removed at the time of surgery showed that 
the thickened pericardium was composed of 
dense collagenous connective tissue with scat- 
tered neutrophils and many chronic inflam- 
matory cells. Granulomas were present in all 
sections. They were constituted of giant cells 
(both Langhans and foreign body type), lym- 
phocytes, macrophages, and epitheloid cells, 
all enmeshed in collagen. No foci of co4puldtive 
necrosis and acid-fast bacilli were identified. 
Mycobacterium tuberculosis was cultured from 
the excised tissue. The sputum specimen col- 
lected on January 22, 196z, was also found to 
contain tubercle bacilli 6 weeks later. He im. 
proved atrer treatment with isoniazid and para- 
aminosalicylic acid, and was discharged on 





Frc. 2. (£) Frontal teleroentgenogram, 13 months 
later, still. showing enlargement of the cardiac 
silhouetze; the pleural eHusions have subsided. 

l'ebruary 28, 196s. (C) Lateral roentgenogram showing that the 
The patient was readmitted on March 205 cardiac silhouette occupies the retrosternal space. 
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Fic. 2. (D) Frontal angiocardiogram showing pert- 
cardial fuid (arrows) beyond the opacified right 
atrium, (Æ Frontal angiocardiogram show- 


ing shght enlargement of the left atrium and 


keng 


pericardial effusion (arrow) well beyond the 
opacified left ventricle. (F) Lateral angiocardio- 
gram (biplane view of D) showing the opacihed 


peri- 
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right atrium displaced by the retrosterna 
cardial effusion. 
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charged on May z, 1965. He was last seen in the Case iv. Kl 
pulmonary clinic on May 18, 1966, and wasin /o stab wouna. ve 
good health. on February 23, 1965, because of dyspnea, 
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hic. 3. Case ut. (4). Frontal teleroentgenogram of the chest showing an enlarged cardiac silhouette and 
. g : z - 


bilateral. pleural efusion. (A) Lateral roentgenogram showing that the cardiac shadow extends to the 


sternum, 


fatigue, and swelling of the abdomen. On 
September 11, 1964, he had been stabbed in the 
epigastrium and was taken to a local hospital. 
The abdomen was explored, but no damaged 
Structures were found. He required thoracen- 
tesis of so ml. of blood from the right hemi- 
thorax. Ten days later, after apparently re- 
covering satisfactorily, he was discharged. He 
had no complaints until December 14, 1964, 
when, at another hospital, a loud pericardial 
friction rub was heard. He subsequently be. 
came dyspneic and sought admission to this 
hospital, 

On physical examination, there was dullness 
and diminished breath sounds over the base of 
the right Jung. The heart was enlarged to per- 
cussion; there were no murmurs, but a peri- 
cardial friction rub was heard along the left 
sternal border. There was a 20 mm, Hg de- 
crease in the systolic blood pressure with in. 
spiration owing to a pulsus paradoxus of 20 
mm. The liver was enlarged and the edge was 
6 cm. below the right costal margin. Venous 
pressure was 200 mm. saline at the angle of 
Louis. Right thoracentesis yielded 7o ml. of 
sterile cloudy yellow fluid. The electrocardio- 
gram showed normal sinus rhythm, rate 110 
per minute, and marked ST segment and T 
wave abnormalities. 

The roentgenogram of the chest showed an 


enlarged cardiac silhouette and blunting of the 
right costophrenic sulcus (Fig. 4, Æ and B). In- 
travenous angiocardiograms on February 24, 
1965, showed pericardial fluid measuring 10 
mm. from the opacified right atrial cavity and 
3o mm. from the outer border of the left ven- 
tricular cavity (Fig. 4, C, D and E). The cir- 
culation time (sodium dehydrocholate) was 
prolonged to 14 seconds. Pericardiocentesis on 
March 2, 1965, yielded so ml. of sterile sero- 
sanguipeous fluid. Cardiac catheterization by 
Dr. Daniel S. Lukas on March z, 196s, showed 
restricted filling of both ventricles with marked 
systemic and pulmonary arterial hypertension, 
The venous pressure was 200 mm. saline. 
Pericardiectomy was performed on April 4, 
1965, and disclosed diminished cardiac pulsa. 
tions, The pericardium was 4-5 mm. thick. 
Large pieces of parietal pericardium were 
peeled from the adherent visceral pericardium. 
At the end of the operation, the venous pressure 
was sO mm. saline. Histologic sections of the 
resected pericardium showed the pericardium 
to be composed of dense fibrocollagenous tissue 
in which large numbers of mononuclear cells, 
toreign body type giant cells and. proliferated 
capillaries were embedded. Hemosiderin-laden 
macrophages and foci of hemorrhage were 
scattered throughout. No granulomas or acid- 
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fast bacilli were identified. 
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s s * 2 = lic. 3. (C) Frontal angiocardiogram showing eleva- 
B III T V OO ie tion of the heart from the diaphragm and a soft- 

LE tissue density adjacent to the opacihed right 
atrium, (D) Frontal angiocardiogram also showing 
pericardial fuid (arrows) bevond the opacified 
left ventricle. CE) Lateral angiocardiogram (bi- 
plane view of C) showing elevation and retroster- 


nal displacement of the right atrium by pericardial 
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luc. 4. Case iv. G7) Frontal teleroentgenogram showi ing enlargement of the cardiac silhouette and right 
pleural effusion, (B) Lateral view showing that the cardiac silhouette occupies the retrosternal space. 


The patient improved, and was discharged on 
April 19, 1965. He was well on his last visit to 
the cardiac clinic on November 5, 1965. 

CASE v. ied -resiviclive pericarditis of 
unknown etiology. A 49 year old man was ad- 
mitted on ee I, 1962, with complaint of 
abdominal and ankle : swelling of 18 months’ 
duration. He had had poliomyelitis at the age 
of 3 years, but had otherwise been well. On 
by cedi examination the heart size was in- 
creased beyond the left mid axillary line by per- 
cussion; the heart sounds were muflled and 
distant ‘and there were no murmurs. The rate 
was 84 per minute and regular, and the blood 
pressure was 100.82 mm. Hg. The lungs were 
normal. The liver was enlarged and the edge 
was II cm. below the right costal margin. 
Both lower extremities and sacrum were ede- 
matous. The neck veins were distended and the 
venous pressure was 275 mm. saline at the 
angle of Louis. The tuberculin test was positive. 
The electrocardiogram showed low voltage and 
ST and T wave abnormalities. The roen eene 
gram showed a left hvdrothorax with enlarge- 
ment of the cardiac silhouette (Fig. 5.7). Angio- 
cardiography revealed pericardial effusion mea- 
suring 10 mm. to the right of the opacified right 
atrium and 40 mm. to the left of the opacitied 
left ventricle, and normal cardiac chambers 
with pro alonged opacification time (sodium de- 


hydrocholate) of 26 seconds (Fig. 5, B and C). 
Pericardiocentesis vielded 150 ml. of serosan- 
guineous fluid; pericardiectomy was done on 
December 24, 1962. At operation there was 
marked thickening of both the visceral and 
parietal dE the parietal pericardium 
was 4 mm. thick. There were numerous peri- 
cardial adhesions add about 125 ml. of sero- 
sanguineous fluid in the pericardial space. There 
was also marked thickening of the pleura with 
restriction of the left lung. During the opera- 
tion. electrocardiographic monitoring showed 
the changes of myocardial fatigue when less 
than hal! of the pericardium had been excised. 
Accordingly, the operation was terminated. 
The patient’s condition improved, and on Jan- 
uary 22, 1963, he was re-operated on. At this 
time the visceral pericardium was removed 
from the right atrium and ventricle, and the 
pericardial reflection over the aorta was in- 
cised. The left heart pulsations were satisfac- 
tory, so further pericardiectomy was not done. 
The patient improved and was discharged on 
oe ary Ela 1 263 1 P iUas -up examinations, 
ined a n 


mm. RE 

Histologic sections of the parietal and vis- 
ceral pericardia obtained at both operations 
contained similar lesions. The pericardia were 
thickened by dense fibrocollagenous tissue that 


fusi 
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contained numerous 
and occasional giant cells. 
ulomas, or microorganisms were identified. 
Cultures of the excised pericardia were negative. 
A biopsied portion of the thickened left 
parietal pleura was also examined. The pleura 
thickened by vascularized fibrocollagenous 
tissue that contained many mononuclear cells, 
but no giant cells. 


scattered. lymphocytes 





to tubercles, gran- 


ve-Re: 


strictive Pericarditis 





hic. 4. (C) Frontal angiocardiogram showing 
the thickening along the o 
atrium (arrows). (D) Frontal anglocardi 
gram showing pericardial ae on (arro ) 
beyond the opacified left ventricle. a Lat- 
eral angiocardiogram (biplane of C) showing 
retrosternal displacement of the heart by 
pericardial fluid. 


di 


Case vi. Effustve-resirictive pericarditis of 
unknown etiology. A $3 year old man was ad- 
mitted on February 28, 1963, with complaint 
of abdominal swelling, fatigue, and dyspnea of 
1 month's duration. During that period an 
electrocardiogram showed nonspecific T wave 
changes (as compared with a normal t "acing 
10 months prior to this) and an intermittent 


pericardial friction rub had been heard. A first 
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strength tuberculin test (PPD) was negative, 
but an intermediate strength test resulted in 2 


cm. skin induration. Ten months prior to ad. 
mission, he had had fever, chills, weakness, 
and nausea. 

Physical examination upon admission dis- 
closed mild respiratory distress, pulse 84 per 
minute and regular, and blood pressure 120/90 
mm. Hg. The left border of the heart was within 
the midclavicular line and the sounds were dis- 
tant. The neck veins were distended. The lungs 
were normal. The liver bius was 4 em. below 
the right costal margin; the abdomen was dis- 
tended and contained fluid. The legs were ede. 
matous. The venous pressure was 320 mm. sa- 
line at the angle of Louis. The electrocardio- 
gram showed non-specific T wave and ST seg- 
ment abnormalities. The roentgenogram of the 
chest showed right pleural effusion (Fig. 64). 
Angiocardiograms and cineangiocardiograms 
revealed diminished pulsations. The cardiac 
chambers were normal in size and were sur- 
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bic. 7. Case v. (4) Frontal teleroentgenogram 
showing enlargement of the heart and left 
pleural effusion. (5) Angiocardiogram of the 
right heart structures showing pericardial 
effusion (arrow). (C) Frontal angiocardiogram 
alse showing pericardial fluid (arrows) 
row ding the left heart structures. 


sur- 


rounded by pericardial fluid. On the right side 
the soft tissue density was 20 mm.; on the left, 
it was 2: mm. (Fig. 6, B and C). The cireula- 
tion time (sodium dehydrocholate) was 14 sec- 


onds. Vericardiectomy was performed on 
March 14, 1963. The pericardial sac was tense 


and 300 ml. of sterile serosanguineous fluid was 
aepitated from the pericardial space. This re- 
sulted 1 an immediate improvement of the 
cardiac pulsations. The parietal pericardium 
was 2-3 mm. thick and both the visceral and 
parietal pericardium had a granular appearance. 
The visceral] pericardium was removed. The 
left ventricle and apex were decorticated. 
Postoperatively the patient did very well and 
was discharged on March 29, 1963. He was 
given antituberculous drugs for 6 months. He 
improved, resumed his regular work, and 
soon was able to play tennis, He was UM 
well wher he was last seen in August, 1965. 
Histolagic examination of the excised visceral 
and pariezal pericardia showed similar changes. 


Anglography 
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Fig. 6. Case vi. 


in Effusive-Restrictive Pericarditis E v. 


x 


(A) Frontal teleroentgenogram ot 
the heart showing a normal sized heart. (8) Fron- 
tal angiocardiogram showing elevation of the heart 
above the diaphragm and a widened shadow 
(arrow) adjacent to the right atrium. (C) When 
the left ventricle is opacified, there 1s also con- 
siderable thickening (arrow) of the outer portion 
of the left ventricle. 





They were both thickened by loose collagenous 
connective tissue that contained neutrophils 
and mononuclear cells. Giant cells were scat- 
tered throughout the tissue, but no tubercle 
bacilli, fungi, or bacteria were identified on 
culture. Dense clusters of lymphocytes were 
scattered throughout the epicardial fat, es- 
pecially around blood vessels. 
several blood vessels were 


The walls of 
infiltrated by large 


numbers that also surrounded 


of neutrophils 
these vessels. 


RESULTS 


The ages of the 6 patients varied from 
12 to 62 vears, with an average of 36.8 
years. Only 1 patient (Case n) was a 
woman. The etiology of the pericarditis 

'as unknown in only 2 cases, I was prob- 


vg 
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TABLe I 


FINDINGS IN EFFUSIVE-RESTRICTIVE PERICARDITIS 





Venous Pressure. 


Mi MM rad LOUE MN CMM UMANE 


| Modified Cir- 





| Angiocardiographic Size of 


| culation Time | Pericardial Shadow at 


H 
Case | ** | Sex | Etiology ae s^. | dn Seconds |m- M 
| (yr) | Eu saline) (average normal! Right Atrium | Left Ventricle 
| | | | | 8-10 sec.) | (mm.)* | (mm.)t 
I iat | M | Coxsackie B-4 | 250 | R | 20 | 30 
Ib ee oq | Histoplasmosis? | 185 | 16.0 | 10 30 
lH | 62 | M = Tuberculosis | 110 20.0 1 30 
IV | 20 | M | Stab wound | 200 | 14.0 | 10 30 
V | 49 | M | Unknown | 276 | 26.0 | 10 | 40 
VI | 53 | M | Unknown | 320 | 14.0 | 20 | 25 
i i i i 


* Average normal 2-3 mm, 
f Average normal 8-10 mm. 


ably caused by Histoplasma capsulatum, 
the other 3 were due to Coxsackie B-4 
virus, Mycobacterium tuberculosis, and a 
stab wound. Each patient had enlargement 
of the cardiac silhouette and liver, pleural 
effusions, and venous hypertension. The 
diagnosis of effusive-restrictive pericarditis 
was established by demonstrating a soft- 
tissue density surrounding the heart, pro- 
longed circulation time, venous hyperten- 
sion, and normal, or relatively normal sized 
cardiac chambers (Table 1). Pericardio- 
centesis yielded fluid in each instance, and 
In some cases fluid was found at the time of 
pericardiectomy. 


DISCUSSION 


Conventional roentgenography, by show- 
Ing an unusual contour and enlargement of 
the cardiac silhouette, may provide sig- 
nificant clues for diagnosis of pericardial 
effusion (Fig. 1,7; and 2, Z and B). When 
the retrosternal space is obscured in lateral 
views (Fig. 1B; 2C; 3B; and 4B) and con- 
genital and acquired rheumatic heart has 
been excluded, the diagnosis of pericardial 
effusion should come to mind.? When there 
are calcifications in the heart, especially 
over the region of the ventricles, restrictive 
pericarditis should be suspected. None of 
the patients described above, however, had 
calcifications. This was probably due to the 
rather short duration of the transition 
period from pericardial effusion to restric- 
tion.? 


Angtocardiography, by showing a soft. 
tissue density adjacent to the cardiac 
borders (in frontal view) can establish the 
diagnosis of pericardial effusion.!2:55.15.18 
The width of the surrounding soft-tissue 
density is often related to the volume of the 
pericardial effusion, and pericardiocentesis 
substantiates the diagnosis. In rare in- 
stances, pericardiocentesis does not yield 
Huid, but this should not be a reason for 
abandoning the diagnosis of pericardial 
effusion. This is exemplified by a recent 
case,^ in which pericardial fluid was not 
securec Over a 3 year period by pericardio- 
centesis. This was followed by creation of a 
pericardial left pleural window following 
pericardiocentesis which drained the peri- 
cardial effusion. 

If, in addition to pericardial effusion, the 
venous pressure Is elevated and the circula- 
tion time is prolonged, cardiac tamponade 
or effusive-restrictive pericarditis should be 
suspected. Venous hypertension and pro- 
longed circulation time also occur in heart 
failure, but in these cases, the cardiac 
chambers are dilated.?"- Finally, despite 
the fact that pericardiocentesis alleviates 
the cardiac restriction in effusive-restrictive 
pericarditis, the venous pressure remains 
elevated. 

Continued elevation of the venous pres. 
sure in restrictive pericarditis has long been 
known.! The arm to tongue circulation 
time is normal in pericardial effusion, but is 
prolonged in restrictive pericarditis.) An- 
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giocardiography further refines the evalua- 
tion of the circulation time by showing the 
size and prolongation of the contrast ma- 
terial in the cardiac chambers. When there 
is pericardial effusion alone, the heart is 
usually normal in size. 


SUMMARY AND CONCLUSIONS 


Angiocardiography is a reliable method 
for diagnosis of pericardial effusion and also 
provides significant data regarding the 
cardiovascular structures. In frontal view, 
it shows the classic soft-tissue density of 
pericardial fluid surrounding the heart; in 
lateral view, there is retrosternal accumu- 
lation of pericardial fluid; and in both 
positions, there is often elevation of the 
heart above the diaphragm by pericardial 
fluid. When venous hypertension, prolonga- 
tion of the circulation (opacification) time, 
and relatively normal.sized cardiac cham- 
bers coexist with the pericardial effusion, 
effusive-restrictive pericarditis or pericar- 
dial effusion with cardiac tamponade should 
be suspected. Cardiac tamponade can be 
ruled out by pericardiocenteses, with allevi- 
ation of the venous hypertension. The ab- 
sence of cardiac dilatation, a common cause 
of venous hypertension and prolonged circu- 
lation time, can be appreciated after scru- 
tiny of the angiocardiograms. 

The clinical, surgical, and pathologic 
features of effusive-restrictive pericarditis 
are described in 6 patients with the syn- 
drome. Early diagnosis of effusive-restric- 
tive pericarditis can be life-saving, and for 
this angiocardiography is recommended. 


Israel Steinberg, M.D. 

The Brookdale Hospital Center 
Linden Boulevard at Brookdale Plaza 
Brooklyn, New York 11212 


Dr. Jerimiah A. Barondess kindly gave 
permission to include Case 11 in this report. 
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A COMPARISON OF VENOUS ANGIOGRAPHY AND 
RADIOISOTOPE HEART SCANNING IN THE 
DIAGNOSIS OF PERICARDIAL EFFUSION* 


By DAVID B. GOLDENBERG, M.D., and BYRON G. BROG DON, M.D.f 


BALTIMORE, MARYLAND 


pE RICARDIAL efusion is an important 

chnical entity requiring prompt diag- 
nosis. The limitations of clinical examina- 
tions, electrocardiography, plain film roent- 
genography and conventional fluoroscopy 
are well known. The application of angio- 
cardiography with radiopaque contrast me- 
dium to pericardial efusion and cardiac 
dilatation was first emphasized by Dotter 
and Steinberg in 1951.* In 1957, Figley and 
Bagshaw" discussed angiographic aspects of 
constrictive pericarditis and established 
criteria important in the differential diag- 
nosis of pericardial thickening and effusion. 
Durant ef al. in the same year, introduced 
a new method specifically for studying 
pericardial disease by outlining the lateral 
border of the right atrium with intracardiac 
carbon dioxide. In the following year, 
Rejali and co-workers? introduced a 
method of scanning the cardiac blood pool 
to determine the presence of pericardial 
effusion. More recently, radiopaque venous 
angiography has been re-emphasized in the 
diagnosis of pericardial effusion.!” Numer- 
ous articles revising the various methods 
mentioned have appeared in the literature, 
but studies comparing the different tech- 
niques have been infrequent, 


MATERTAL AND METHOD 


The following study consists of 30 ex- 
aminations in 25 patients suspected of 
having pericardial effusion. Examinations 
consisted of venous angiography utilizing 
carbon dioxide and radiopaque contrast 
material, and correlative cardiac photo. 
scanning. 

Scout roentgenograms of the chest were 


* Presented at the Maryland Radiological Society Meeting, April 


August 1957. 


made in the upright and left lateral de- 
cubitus position utilizing the “over-pene- 
trated” technique. The decubitus examina- 
tions were obtained with the patient lying 
on a stretcher against an upright Bucky 
diaphragm. 

Subsequently, with the patient in a left 
lateral decubitus position, a No. 16 gauge 
needle was inserted into an antecubital vein 
and connected to a tank of pure carbon 
dioxide by a 3-way stopcock. A too ce. 
syringe was attached to the stopcock and 
repeatedly flushed with carbon dioxide. 
Then 75-100 cc. of carbon dioxide were 
rapidly hand-injected and two 1417 inch 
films were exposed sequentially at a 72 
inch target-film distance. The patient was 
maintained in the left lateral decubitus po- 
sition for at least $ minutes, then turned 
into the right lateral decubitus position. 
Fifty cubic centimeters of £o per cent 
hypaque were injected rapidly by hand and 
two more 14X17 inch films were se- 
quentially exposed. 

With either technique, a convex band of 
soft tissue is visualized between the con- 
trast-delineated right atrial cavity and the 
surrounding lung tissues. This band (here- 
after called "wall thickness") represents 
the combined thickness of the pleura, 
pericardium and right atrial wall, and mea- 
sures 4 mm. or less in the normal adult 
(Fig. 1, Z and B). With pericardial effusion 
this convex soft tissue band is increased in 


width. Generally accepted criteria in the 


Z 


literature?/09? are that a wall thickness of 


1967, and at the Rocky Mountain Radiological Society Meeting, 
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Venous Angiography and Radioisotope Heart Scanning 3 


S 
pa 
pn 


Fic. 1. Normal study. 67) Radiolucent shadow of COs in right atrial cavity with normal wall thickness. (4) 
Radiopaque contrast material in right atrial cavity with normal wall thickness (arrow). The normal wall 
often is difficult to visualize. (C) Normal cardiac photoscan. 


pericardial effusion. Initially. these criteria 
were applied in this study, but later, the 
criteria for diagnosis of equivocal effusions 


were modified. 
Following angiography the patients un- 


derwent cardiac photoscanning. They were 
given 2 or 4 mc of technetium g9m-labeled 
human serum albumin intravenouslv, pre- 
pared by the method of Stern, Zolle and 
McAfee.? Five to 10 minutes later, the pa- 
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TABLE | 


DISTRIBUTION OF RESULTS OF COMPARATIVE EXAMINATION 


| | 
No. of | CO, | Radiopaque 
Patients | Angiography | Angiography 
Tree e 
| | 
8 | Normal Normal 
3 | Normal Equivocal 
1 | Normal Positive 
1 | Equivocal | Equivocal 
9 | Positive | Positive 
5 | Positive | 


Positive 


i 
1 
i 
| 
i 
i 
Í 
| 
i 
i 
i 


tients were scanned from the front while 
lying supine. Ordinarily, a 5X2 inch 
crystal scanner with a 35 kev. window and 
a 135 kev. baseline energy setting was used 
in conjunction with a 43 hole focusing 
collimator having a 3 inch focal depth and a 

.37§ inch radius of resolution at the focal 
point. The average scanning speed was so 
inches per minute. In some cases an 8X2 
inch sodium iodide crystal scanner with a 
253 hole focusing collimator having a 3.5 
inch focal depth and a 0.375 inch radius of 
resolution was utilized.” The photoscans 
were interpreted as negative or positive 
for pericardial effusion on the basis of 
criteria established by Wagner eż a7 These 
include comparison of the isotope delimited 
cardiac blood pool to the transverse cardiac 
ratio noted on the chest roentgenogram, 
separation of cardiac and pulmonary blood 
pool by a zone of decreased radioactivity, 
and separation of the cardiac and hepatic 
blood pools. 


RESULTS 


Thirty examinations were performed on 
thought to have abnormal carbon dioxide 
and/or radiopaque angiography suggestive 
of pericardial effusion. The distribution of 
results is noted 1n Table r. 

The wall thickness values obtained for 
the carbon dioxide and radiopaque angiog- 
raphy agreed within t2 mm. in 17 of the 


e RD GpR MEE PERRO Fo: UM E HCM m ets enn E DE Eiaa e AAEE a ai in vis dismal aetna ec etl ot A N A a aa dacs 


ERR C M Cm dcc OOo NND MEME MEMMMMMMMMM PME MNA p N 


| ee | Fluid Proven by Pen- | 

| B | cardiocentesis, Serial Angi- 

| | ography or Autopsy 

| EAE E E EUR ESE EEE NR ERES pce E ELE dc ie wid s 

| | Yes | No | Not Done 
Normal | | | 8 

Normal L| ds 4 | 

| Normal | | i 

| Normal | | 1 | 

| Normal | 5 | | 4 

| Positive | I | 1 | 1 


25 cases. In the other 8 cases the wall thick- 
nesses recorded by the two methods 
differed by 5 tog mm. In every one of these 
8 cases, the wall thickness was greater with 
positive contrast angiography. 

Of 13 cases with unequivocally positive 
angiography, 1o were found to have normal 
photoscans (Fig. 2, 4-D). In 5 of the 1o 
cases with normal photoscans, pericardial 
effusion was proved by serial follow-up 
angiographic studies and/or surgical ex- 
ploration, These cases are summarized in 
Table 1t. In the other $ cases, no angio- 
graphic follow-up studies were obtained. 
However, these latter cases all showed 
clinical improvement with decrease in 
cardiac size and venous pressure. 

Three cases were found to have positive 
angiography and a positive cardiac photo- 
scan (Fig. 3, 4, B and C). In 1 case, the 
“wall thickness" measured 25 mm. by the 
CO; method and 32 mm. with radiopaque 
contrast material. At pericardiocentesis, 
600 cc. of serosanguineous fluid was re- 
moved. The patient expired several davs 
later and was noted at autopsy to have a 
minimal residual pericardial effusion. The 
second case had a “wall thickness’? mea- 
suring 24 mm. by the CO, method and 32 
mm. with hypaque angiography. Peri- 
cardiocentesis produced no fluid, but this 
does not preclude the presence of effusion 
since this procedure may be quite inac- 
curate as a diagnostic measure.!! The third 
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Venous Angiography and Radioisotope Heart Scanning 3 





Fic. 2. Positive angiography and normal cardiac photoscan. (4) Positive CO» study with wall thickness of 15 
mm. (arrow). (B) Positive radiopaque contrast material study with wall thickness of 21 mm, (arrow). (C) 
Normal photoscan. (D) Follow-up normal radiopaque angiography after 6 weeks of clinical therapy. 

i ZZ 1 EUM : J 


patient had no follow-up studies at this in- 
stitution, 


DISCUSSION 


The normal pericardial sac contains 14 
to 30 cc. of fuid? Clinical and experimental 
studies have shown that pericardial fluid 
accumulates first in the dependent portion 
of the pericardial sac.'? Mellins ez a/.* in dog 
experiments demonstrated that httle fluid 
accumulates in the posterosuperior por- 
tions of the pericardium, because pericar- 
dial reflections there prevent distention of 
the pericardial sac. These authors noted 


that the location of the effusion was not 
altered to any appreciable degree by a 
change in the position of the animal. 
Studies of Shuford ef a£? indicate that in 
pericardial effusion in man, considerable 
fluid shifts take place with a change in the 
position of the patient. In the majority of 
their patients with effusion, sufficient fluid 
remained above the right atrium to render 
the carbon dioxide method accurate. In 
two of their cases, however, pericardial 
fluid shift resulted in a negative or equivo- 
cal carbon dioxide study. A single case in 
the present series had a normal carbon 
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Tanrx II 


FOLLOW-UP IN § CASES WITH UNEQUIVOCALLY POSITIVE RADIOPAQUE ANGIOGRAPHY AND NORMAL PHOTOSCANS 











— Mee MEM REN n 
TAM M ai e meia nee Rm RP e a S ren a, 


| Wall Thickness (mm) — | 
Patients | ^ €» | a PAPAS SE pre oe : 
| Os | Radiopaque | Cardiac 
| Angiography | Angiography | — Photoscan 
tt year old white male with clinical picture of rheu- | 10 13 | Normal 
matic fever including congestive heart failure. De- | | 
creased voltage on electrocardiography | | | 
Follow-up—Repeat angiography in 4 weeks. Marked | | 2 | 
clinical improvement with decreased heart size and | | | 
normal voltage on electrocardiography | | | 
49 year old white female with congestive heart failure | 13 | 14 |! Normal 
(R), pleural effusion and cardiomegaly | | 
Follow-up—-Repeat angiography in 3 weeks. Marked | 2 | 
clinical improvement | | 
16 year old Negro female with rheumatic mitral dis- | 1s | 20 | Normal 
ease. Cardiomegaly | | | 
Follow-up—-Repeat angiography in 6 weeks after bed - | a | 
rest and diuretics. Marked clinical improvement. - | | 
No pericardial fluid at cardiac surgery | | 
64 year old Negro female with rheumatic mitral dis- | 19 | 19 Normal 
ease. Cardiomegaly, fever, pericardial rub | | 
Follow-up— Repeat angiography in 6 davs showed | | 10 Not evaluated 
decreasing fluid. Fibrinous pericarditis and minimal | | | Pleural effusion 
pericardial effusion at autopsy | | | 
i 
Beek Seren tie, ae T cee a a 
58 year old white female with diabetes and congestive | 29 30 | Equivocal 
heart failure | | 
Follow-up—Repeat angiography in 3} weeks showed | | 10 | Normal 
decreasing fluid. Clinical improvement on bed rest | | | 
and diuretics | | | 


dioxide study and positive hvpaque study. 
Consequently, a negative carbon dioxide 
study should not discount a diagnosis of 
pericardial effusion and a radiopaque 
study should be done in such cases. 

Recent experiments with dogs by Adams 
et al) have shown that the amount of CO, 
in the right atrium may have sufficient 
buoyancy to produce a flotation effect 
upon the heart suspended within a fluid- 
filled pericardial sac. This may explain the 
disparity in wall thickness observed in some 
of our cases when carbon dioxide and posi- 
tive contrast medium studies were com- 
pared. 


In the present series, 3 patients with a 
normal carbon dioxide study had equivocal 
hypaque studies (wall thickness of 7, 8 and 
Io mm.). At surgery, these patients were 
found to have 9o to 120 cc. of pericardial 
fluid. One patient with equivocal carbon 
dioxide and hypaque studies had a thick. 
ened atrial wall at surgery and a normal 
volume of pericardial fluid. 

Therefore, it is suggested that the com. 
bination of normal carbon dioxide study 
and equivocal hypaque study may indicate 
a volume of pericardial fluid in the range of 
too cc. or less. When both carbon dioxide 
and hypaque studies measure in this 





Fic. 3. Positive angiography and positive 
cardiac photoscan. (4) Positive CO. 
study with wall thickness of 24 mm. 
(B) Positive radiopaque contrast mater. 
ial study with wall thickness of 32 mm. 
(arrow). (C) Positive cardiac photoscan. 


equivocal range, either a thickened atrial The threshold volume of pericardial 
wall, pericardial tumor, or effusion is indi- effusion, which may be detected by radio- 
cated. isotope scanning, was investigated by 
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Bonte? in 1962, utilizing a phantom con- 
sisting of readily distensible rubber balloons 
placed one inside the other. A radioactive 
solution was placed in the inner bag and 
arbitrary amounts of water were placed in 
the outer bag to simulate a pericardial 
effusion. The phantom was then submerged 
within a tank containing radioisotope con- 
tent comparable to that which would be 
present surrounding the heart in the nat- 
ural state. One of the conclusions was 
“with the experimental apparatus de- 
scribed above, we have easily been able to 


find experimental pericardial effusions of 


300 ml. and above, and have been able... 


to demonstrate effusions in the order of 


200 ml," Charkes and Sklarotf? in 1963, 
studied 13 patients with pericardi al etfu- 
sion. of 200 cc. or greater. The authors 
stated, "It is apparent that the techniques 
may not be reliable when cardiac enlarge- 
ment co-exists unless more than 300 cc. 
of fluid is present." 

No comparison of venous angiography 
with pericardial photoscanning could be 
found in the literature. In the present 
series, 10 cases with positive carbon dioxide 
and radiopaque angiograms for pericardial 
effusion had normal cardiac photoscans. 
Five of these cases had proven pericardial 
effusion, It is suggested that venous angiog- 
raphy may be a more sensitive and reliable 
test for pericardial effusion in the critical 
ranges of 200 to 300 cc. It is with this vol- 
ume of fluid that cardiac tamponade may 
occur. 


SUMMARY 


In humans, there appears to be a 
shift of pericardial fluid with shift in posi- 
tion. In the majority of cases, sufficient 
fluid is retained above the right atrium to 
render the carbon dioxide method accurate 
in evaluating effusion. However, in some 
cases fluid shift may result in a mortal or 
equivocal carbon dioxide study. 

2. Because of this pericardial fluid shift, 
a re-evaluation of these cases now called 
“equivocal” may be possible. Those with 
normal wall thickness on carbon dioxide 
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and equivocal wall thickness 
on radiopaque angiography 
tree effusion in the range of 
Those cases with equivocal wall 


angiography 
(§-10 mm.) 
may indicate 
IOO ce, 


thickness by both carbon dioxide and 
radiopaque angiography may represent 


atrial wall thickening, pericardial tumor or 
pericardial effusion. No clear differentia- 
der can be made in the latter cases. 

. Venous angiography is a more sensi- 
ds and reliable test than cardiac photo- 
scanning for pericardial effusion in the 
critical range of 200 to 300 cc. of fluid. 


David B. Goldenberg, M.D. 
Department of Radiology 
The Johns Hopkins Hospital 
Baltimore, Maryland 21204 


The authors wish to thank Joseph Rawlings, 
R.T. for his invaluable technical assistance. 
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A NEW APPROACH TO PULMONARY ANGIOGRAPHY* 


By RICHARD B. HOFFMAN, M.D.,+ and GABRIEL WILSON, M.D. 


LOS ANGEL ES, CALIFORNIA 


HE conventional approach to pul. 

monary angiography has been by 
venous cutdown using the basilic antecub. 
ital vein. The percutaneous Seldinger tech- 
nique, which was developed for arterial 
catheterization, can be applied to venous 
catheterization. The percutaneous tech. 
nique has several advantages, including the 
speed with which it can be performed, a 
lesser chance of infection, avoidance of 
direct. manipulation of the vessel, and 
avoidance of sacrifice of the vein. The pur- 
pose of this report is to describe the ad- 
vantages and technique of performing pul- 
monary angiography via the percutaneous 
internal Jugular vein approach. 

Unfortunately, the percutaneous method 
cannot be applied consistently to the ante- 
cubital vein due to its variability in depth 
and location. In the use of the standard 
cutdown technique, the left antecubital 
vein is preferred since one large continuous 
curve can be used to pass through the in- 
ferior vena cava, right atrium, right ven- 
tricle, and pulmonary artery (Fig. 1,2). The 
approach from the right arm requires a 
double curve in the catheter to reach the 
pulmonary artery (Fig. 18). The femoral 
approach (Fig. 1C) is undesirable in the 
study of pulmonary thromboembolism. The 
right jugular approach is the most direct 
approach requiring a simple single curve 
(Fig. 1D), 

Optimal visualization of small vessels is 
essential if emboli are to be seen so that se- 
lective right and left pulmonary artery in- 
jections are frequently required. The ease 
with which the selective positioning of the 
catheter can be performed and the speed in 
which the procedure can be accomplished 


in these gravely ill patients is greatly 
facilitated by the percutaneous internal 
jugular approach. 

TECHNIQUE 

A Wickbom needle (17 gauge 7 cm. thin 
walled needle) is used for the jugular punc- 
ture. We have also used a thin wall 12 
gauge 4? inch needle.* A flexible tipped 
guide wire (OD 0.0315 inches) passes 
through the needle. We have used two 
catheter systems; one, with a closed tip 
catheter and the second, with an open tip. 
The closed end catheters that we have 
used have been a thin wall teflon with an 
inner diameter of 0.064 inches and a woven 
dacron thin wall catheter with an inner 
diameter of 0.058 inches. The catheter js 
introduced through a tapered ultrathin 
teflon sheath which is first inserted over a 
tapered teflon open end introducing cathe- 
ter. ? The open end catheter system utilizes 
a small Pgo radiopaque polyethylene ca. 
theter inside a large P240 radiopaque 
polyethylene catheter. The Pgo catheter, 
being 10 cm. longer and having a pre- 
formed curve, can be made to change the 
degree of curvature of the advancing end 
by altering the amount it protrudes from 
the larger catheter.’ 

Image intensification is emploved for 
positioning the catheter and a single plane 
film changer is required. 

With the patient supine, the chin is ex. 
tended and the area from the angle of the 
right mandible to the right clavicle is pre- 
pared and draped. The right sided approach 
allows a straight course to the right atrium. 

The shoulders should not be elevated to 


* Becton, Dickinson and Company, Rutherford. New Jersey. 
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Vou. 102, No. 2 


A New Approach to Pulmonary Angiography 329 





Vic. 1. Four approaches to pulmonary angiography. (4) Left antecubital approach utilizing a long continuous 
curve of the catheter. (B) Right antecubital approach with a double curve. (C) Femoral approach with 
S-shaped curve. (An undesirable vein to enter if thromboembolic disease is suspected.) (D) Simple single 
curve with jugular approach. 


facilitate neck extension since the venous 
pressure will be decreased and the vein will 
collapse. 

Figure 2 diagrammatically demonstrates 
the immediate lateral position of the in- 
ternal jugular vein to the internal and com- 
mon carotid arteries. The operator's fin- 
ger is placed 2 fingerbreadths below the 
angle of the mandible and directly over the 
carotid pulse. The skin and subcutaneous 


tissues just lateral to the pulse are infil- 
trated with 1 per cent Xylocaine and a 
small stab wound is made in the skin to 
facilitate easy passage of the catheter. 

A plain tip syringe containing § cc. of 1 
per cent Xylocaine 1s attached to the punc- 
ture needle. A 45° angle with the skin is 
maintained and the needle is directed 
through the stab wound just lateral to the 
finger overlying the carotid pulse. Xvlo- 





liG. 2. Anatomic location of internal jugular vein. 
The needle is introduced just lateral to the carotid 
pulse and 2 fingerbreadths below the angie of the 
mandible. 


caine is injected periodically to relieve dis- 
comfort. Constant aspiration is used and a 
vigorous flow of dark venous blood is seen 
on entrance into the jugular vein. A 2 or 3 
cc. test injection of contrast medium under 
image intensification will verify the needle's 
position. 

If an open end catheter system is em- 
ployed, the regular Seldinger method is 
used to place the catheter in the vessel, 

If a closed end catheter is desired, pre- 
liminary preparations are made by placing 
a teflon sheath over a short tapered, open 
end, introducing catheter. By Seldinger 
technique the open end introducing catheter 
and sheath are threaded into the vein over 
the guide wire. The sheath is held in posi- 
tion and the introducing catheter with- 
drawn; the closed end catheter is then 
inserted through the sheath into the 
vessel and the sheath is slipped out of 
the skin onto the closed end catheter, This 
method is essentially the same as that pre- 
viously described for the introduction of 
percutaneous closed end cardiac catheters!” 
except that in the catheterization of large 
veins, a teflon sheath can be used. 

Upon removal of the catheter, gentle 
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pressure for 3 to § minutes will control 
oozing. If the patient's condition permits, 
he is allowed to sit up immediately follow- 
ing the procedure to reduce venous pressure 
in the jugular vein. 

All catheters introduced by the jugular 
route for pulmonary angiography should 
have a gentle distal curve so as not to pass 
directly into the inferior vena cava, but 
rather to slip easily through the tricuspid 
valve. 

Originally, we used the closed end SyS- 
tem to avoid the whip of the catheter tip 
seen with open end catheters at high injec- 
tion pressures. However, with catheters of 
the same external diameter, the radiopaque 
polyethvlene* has an inner diameter of 
0.013 of an inch larger than the thin wall 
woven dacron and 0.007 of an inch larger 
than the thin wall teflon. The internal 
jugular approach does not require a long 
catheter so that the catheter we are pres- 
ently using is only ṣo cm. long. These two 
factors make it possible to obtain a high 
flow rate with relatively low injection pres- 
sure. Using this catheter, the delivery rate 
of viscous angioconray at a recorded pres- 
sure on the Gidlund injector of 3 kg. /cm.? 
is 20 cc./sec. The same catheter under the 
same conditions delivers 25 cc./sec. of 
water. We have used angioconray for most 
of our injections and obtain satisfactory 
opacification with this delivery rate. The 
catheter does not recoil during selective in- 
jections in the right and left pulmonary 
arteries, 

MATERIAL 

Since December 1965 we have performed 
20 pulmonary angiographies via the per- 
cutaneous jugular approach. The indica- 
tion in 18 of the cases was the suspicion of 
pulmonary emboli, whereas the studies in 
the other 2 cases were part of a tumor 
workup. A closed end catheter was used in 
14 cases and an open end catheter was used 
in the remainder, The majority of our pa- 
tients had rheumatic valvular disease and 
associated pulmonary hypertension. 


* Becton, Dickinson and Company, XRP .o71 H, Rutherford, 
New Jersey. 
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COMPLICATIONS 


The only complication related to this ap- 
proach to date has been one case with 
minimal bleeding from the puncture site I 
hour following the procedure. This was 
easily controlled by digital compression. 

The catheter was passed through the pul. 
monarv outflow tract in 1 patient with no 
untoward result, but this could not be as- 
cribed to the approach used. 


DISCUSSION 


While the antecubital venous cutdown 
has been a reliable and tested method for 
pulmonary angiography, we feel that the 
percutaneous Jugular approach is a valu- 
able alternative method with certain. ad- 
vantages. The reliable position of this vein 
facilitates speedy accomplishment of an 
emergency angiogram. This vessel is 
many times larger in diameter than the 
antecubital vein thus allowing the introduc- 
tion of larger catheters with greater flow 
rates. In fact, we feel that it is large enough 
to accept a sheath through which emer- 
gency pacemaker leads could be placed 
without the need of isolating the vessel 
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Fic. 3. Angiogram of patient with normal pulmonary 
artery pressure. Note the excellent visualization. 


surgically. Anatomically, the right jugular 
vein is situated in a more direct line with 
the heart than either the antecubital or 
femoral veins, thereby avoiding many cath- 
eter directing problems. 

With identical conditions, the opacifica- 








Fic. 4. Mitral heart with main pulmonary artery pressure of 75 mm. Hg. (4) Main pulmonary artery injec- 


tion, Note poor opacification. (B) Selective left pulmonary artery injection in same patient as in 4. Opaci- 
fication and detail are greatly improved by the selective injection. 
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tion of the pulmonary bed in the patient 
with pulmonary hypertension is consider- 
ably poorer than in the normal. Figure 3 
is the angiogram obtained in the workup 
of a bronchogenic carcinoma. The main 
pulmonary artery pressure was normal. 
Figure 47 is the main pulmonary artery 
Injection in a patient with mitral valvular 
disease and a main pulmonary artery 
pressure of 75 mm. Hg. The difference 
in detail and quality of opacification is self 
evident, yet the technical factors were not 
dissimilar. This has been seen repeatedly 
and we now use selective right and left pul- 
monary artery injections with more fre. 


quency (Fig. 48). 


CONCLUSION 


A technique for the percutaneous ap- 
proach to pulmonary angiography using 
the internal jugular vein is described. It 
can be accomplished quickly in the gravely 
ill patient due to the large size of the vesse! 
and its reliable anatomic location. Either 
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open or closed end catheters can be used. 
With this method, selective right and left 
pulmonary artery injections can be more 
easily performed thereby allowing more de- 
tailed visualization of the pulmonary vascu- 
lar bed. 


Richard B. Hoffman, M.D. 
Department of Radiology 
2nd General Hospital 

APO New York ogi80 
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SELECTIVE AORTOGRAPHY, 


THE DEFINITIVE 


TECHNIQUE, FOR DIAGNOSIS OF DISSECTING 
ANEURYSM OF THE AORTA* 


By HARRY L. STEIN, M.D., and ISRAEL STEINBERG, M.D.f 


NEW YORK, NEW YORK 


l THE past two decades, many signifi- 

cant reports dealing with dissecting an- 
eurysm (hematoma) of the aorta have ap- 
peared | in the Hterature, The tems, dis- 
secting aneurysm, was first used bv Laen- 
nec in 1819, but onlv recently, probably be- 
cause of refinements in diagnosis and ther- 
apy (surgical and medical), has the entity 
received increasing attention, ^67. 14.17.2 

During the past 4 vears, 18 consecutive 
patients with dissecting aneurysms (hema- 
toma) of the aorta have been studied at this 
center by means of selective aortography. 
The chief findings 1n these cases, the tech- 
nique of aortographic examination, and the 
roentgen criteria for the definitive diagnosis 
of the disease, are the main reasons for this 
report. 


MATERIAL AND METHODS 


Eighteen patients were examined 1g 
times (1 patient was re-examined g months 
after the initial diagnosis was made). Per- 
cutaneous transfemoral or transaxillary se- 
lective techniques were used with advance- 
ment of a gray or vellow Odman-Kifa end- 
and side-hole catheter. Positioning of the 
catheter was made under roentgenoscopic 
control using image intensification and 
television monitoring. Test (hand) injec- 
tions of « to 1o ml, of £o per cent hypaque, 
aided precise location of the catheter. Selec- 
tion of the site of arterial puncture, whether 
axillary or femoral, depended upon the 
presence and quality of peripheral pulses. 
Injections of 1 ml. of contrast material 
(hypaque 75 per cent or angioconrav) per 
kg. of body weight, up to a total dose of £o 
to 60 ml., were made using the Gidlund in- 


* p 





Jector with pressures s of s 
more injections of Coni ast material were 
made, depending upon the condition of the 
patient and the need for additional infor- 
mation. In no instance was 1t necessary to 
terminate the examination because of de- 
terioration of the patient's condition, Serial 
films of the chest were exposed in biplane, 
frontal and lateral views, or in the lett an- 
terior oblicue projection using a Schón- 
ander film changer. The speed of exposure 
was 6 films per ‘second for 2 to 3 seconds, 
and § to 7 additional exposures at the rate 
of 1 per second. In the majority of cases 


to 7 kg. One or 


Fic. r, Thoracic aortogram showing opacification of 
distorted ard narrowed true channel with wide sur- 
rounding soft tissue density due to thrombosed 
false channel. 


resented at the meeting of the New York Roentgen Society, March 21, 1966. 
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the abdominal aorta was also stud 
frontal projection. 








CASE REPORTS 





Table 1 lists the clinical, conventional 
roentgenographic, and selective aorto- 
graphic data of 18 consecutive patients who 
had a definitive diagnosis of dissecting an- 


eurysm. 
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aG. 2. C4) Frontal teleroentgeno- 

gram of the chest revealing cardiac 
nlargement and marked widen- 
ing. of the thoracic aorta. (B) 
Lateral thoracic aortogram show- 
ing dissection beginning above the 
aortic valve. Note lucent. wall 
between both channels (arrow), 
narrowing of true lumen, and aortic 
and mitral regurgitation, (C) Fron- 
tal biplane view of B showing 


narrowing of true channel. 
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RESULTS 
Fifteen patients were men and 3 were 
women, i ratio of § men to 1 woman (Table 
1). The ages ranged from 42 to 69 years, the 
average was $6.6 vears; 13 patients 72 per 
cent) had a history of hypertension. The 
time from onset of symptoms to ao rtog- 


raphy ranged from 6 hours to 16 m onths, 
with 14 patients being examined within 4 
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weeks following onset of symptoms. Three 
patients had symptoms relating to the dis- 
section ranging from 6 to 16 months prior 
to aortography. Although 16 of 18 patients 
gave a history of pain, 1 patient had only 
dyspnea and heart failure (Case 1x),?? an. 
other only syncope (Case xv; Fig. 8,.7-C).? 
Physical findings varied; the majority of 
patients, however, had either systolic and/ 
or diastolic murmurs over the aortic valve 
area, peripheral bruits, or «diminished 
pulses (Table 1). 


Dissecting Aneurysm of the Aorta 


bic. 3. C4) Thoracic aortogram showing al- 
most complete thrombosis of false chan- 
nel (arrow). (B) Abdominal aortogram 
via transaxillary route revealing a single 
narrow true channel which filled the 
celiac axis and branches, right renal, lum- 
bar, and some branches of the mesenteric 
arteries. (C) Abdominal aortogram via 
transfemoral route showing a large false 
channel which supplied the left kidney, 
superior mesenteric artery, and some 
branches of the celiac axis. Note lucency 
and double lumen of superior mesenteric 
artery (arrow), 


Conventional roentgenograms of the 
chest were obtained in every patient. In 7 
patients (41 per cent) the diagnosis was 
suspected because of mediastinal and aortic 
widening or irregularity (Fig. 2.7, 6.7, and 
10.7). In 1 of these cases there was also a 
left hemothorax (Fig. 6.7). In none ot the 
patients could the full extent of the dis- 
section be predicted on the basis of con- 
ventional chest roentgenograms. Surgery 
was undertaken in 10 patients; 7 deaths oc- 
curred during and immediately after opera- 
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lic. 4. Oblique thoracic aortogram showing incom- 


plete thrombosis of the false channel with local 
extravasation of contrast medium at site of intimal 
tear (arrow). 


tion. Three other patients died before ther- 
apy was instituted. In 4 patients (Case Ys 
Vill, IX, and xv), all of whom had been 
studied 4 or more weeks after the onset of 
symptoms, surgerv was either refused or 
not offered the patient. All but 1 of these 
patients (Case x1) were alive 1 to 3 years 
following the diagnosis of dissection. An- 
other patient (Case xim) was treated with 
antihypertensive drugs, and re-examined 
because of increasing back pain g months 
later. Marked increase in the size of the 
false lumen was found at the second ex- 
amination (Fig. 677). The patient was re- 
ferre | elsewhere for surgery, and died soon 
after operation. 

Aortography was made with the percu- 
taneous catheter technique in all patients. 
The abdominal aorta was examined in 1¢ 
patients. The false channel was thrombosed 
in the thorax in 6 patients. In 4 of these 6 
patients, the abdominal aorta contained a 
double lumen; in 2 other cases the abdomi- 
nal aorta was not examined. Diagnostic 
(full dosage) injections of contrast medium 
into the false channels were made in 6 pa- 
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tients (1 patient was also re-examined in 
this manner) without complication. 


DISCUSSION 


The autopsy incidence of dissecting an- 
eurvsm varies in different reports, but is in 
essential agreement with the figures of 
Holand and Bayley,’ and Brindly and 
stembr:dge? (1 in 381 postmortem ex- 
aminations). Although aortic dissection has 
been reported in a 14 month old infant and 
à woman close to 100 years of age, the 
largest aumber of cases occur between the 
ages of 40 and 70 years. Only 1.4 per cent of 
the soy cases of dissecting i P re- 
ported by Hirst and colleagues" occurred 
below tne age of 20 years. In the same re- 
view, 63 per cent of the patients had a his- 
tory of hypertension. A IS in agreement 
with our series (Table 1). In addition to 
hypertension, which appears s to be the most 
important predisposing cause of dissecting 
hematoma, the disease has been associated 
with cystic medial necrosis of the aorta, 
Marfan’s sydrome, coarctation of the 
aorta, Turner’s syndrome, and pregnancy. 





Fic. $. Oblique thoracic aortogram showing double- 
barrelled aorta with the two opacified channels 
separated by a lucent wall. 
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It is generally agreed that medial cystic 
degeneration of the aorta is an essential 
feature of aortic dissection. Rupture of vasa 
rasorum giving rise to an intramural hema- 
toma is probably the initial lesion in many 
cases, and the intimal tear, which is usually 
present, is believed to be secondary to the 
intramural dissection. Most dissections be- 
gin either in the ascending aorta, or just 
distal to the left subclavian artery. Al- 
though the classic clinical description of 
this entity is that of severe, tearing chest 
and back pain radiating to the throat, 
abdomen, or extremities, in some cases pain 
may be absent or masked by syncope (Case 
xv. Bum 3, o6)" Levinson dnd nco 
leagues? were unable to secure a history 
of pain in 22 per cent of their cases. Other 
symptoms and physical findings, typically 
associated with dissecting aneurysm, were 
also present in our series (Table 1). 

The roentgen criteria for diagnosis of dis- 
secting aneurysm on conventional roent- 
genogram of the chest have been previously 
described,” and include increase in aortic 
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Fic. 6. C4) Conventional teleroentgenogram showing 
marked enlargement of the aortic knob and huge 
left hemothorax. 


width on sequential examinations, an aortic 
wall width of more than I cm. as measured 
from intimal calcification to the outer aor- 
tic border, mediastinal, lung and pleural 
changes, a localized hump just distal to the 


Fic. 6. (B) Oblique thoracic aortogram (1 sec.) showing extravasation of contrast material into false lumen 
atsite of intimal tear in descending aorta (arrow). (C) Aortogram (3 sec.) showing that the true lumen emp- 
ties, whereas the false lumen has become more opaque. 
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Lic. 6. (D) Frontal thoracoabdominal 
aortogram at - sec. showing the true 
lumen and extravasation of contrast ma- 
terial into the “alse channel at site of 
intimal tear (arrow). (E) At 2 sec., the 
true thoracoabdeminal channel is opaci- 
fied. (F) At 6 see., the true channel has 
emptied and the ‘alse channel (arrow) in 
the abdomen is becoming opacified. 
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lic. 6. (G) Abdominal aortogram showing filling of false channel at re-entry point just below the right renal 


artery. Note lucent wall between both lumina (arrow). 


showing marked increase in size of false lumen. 


origin of the left subclavian artery, and 
disparity in of the ascending and de- 
scending aorta. These findings are often 
suggestive of (neu aneurysm, but the 
definitive diagnosis depends upon contrast 
visualization of the aorta and demonstra- 
tion of a “double barrel” aorta, the 
intimal tear, or re-entry point into the 
aorta or one of its branches. Intravenous 
aortographv can be made with relative ease 
and minimal risk. ^ There are, however, 
several difficulties when this method is used 
for diagnosis of dissecting aneurysms. 
These are, poor detail of the sites of rup- 
ture and re-entry as compared to direct 
aortographv, and the occasional intense 
opacification of adventitial or neighboring 
vessels which may simulate extraluminal 
contrast material in a false aortic channel 
and lead to the mistaken diagnosis of dis- 
secting aneurysm.” In the intravenous 
method it is important to secure an ac- 
curate circulation time; when it is markedly 
prolonged because of severe heart failure or 
shock, undue dilution and poor aortograms 
may result. Also, 1n order to visualize the 
abdominal aorta, a second large bolus of 
contrast material may be necessary. For 
these reasons, selective aortography is re- 


site of 


GT) Oblique thoracic aortogram (9 months later) 


commended. The percutaneous trans- 
femoral’? or right transaxillary routes! 


have been proposed as the methods of 
choice for diagnosis of dissecting aneurysm. 
While catheter aortography has not been 
accepted by all observers??? it would ap- 
pear, however, that the best detail is offered 
by the selective approach (Fig. 1 to 12). 
During the past 4 vears, patients sus- 
pected of having a dissecting aneurysm 
have been routinely examined by catheter 
aortography at this center. Either or both 
the transfemoral or transaxillary routes 
have been used; the choice of which one to 
use was made bv the roentgenologist after 
evaluation of the general condition of the 
patient and the quality of peripheral pulses. 
A good, pounding pulse was considered 
favorable for puncture, as opposed to a 
poor, thready pulse, or one In an extremity 
in which there was pain or numbness. Fol. 
lowing percutaneous catheter insertion, 
careful manipulation and advancement of 
the catheter was made only during image 
intensification and television monitoring. 
Frequent, small (5 ml.) hand injections of 
so per cent hypaque were made prior to 
final positioning of the catheter, When the 
catheter was advanced via the femoral ar- 





hig. 7. G7) Oblique thoracic aortogram showing the 
thrombosed false channel. Note "ulcer-like" pro- 
jections into false channel which represent sites of 
communication between the channels. (5) Dia. 
gram of A. 


tery, the course and position of the catheter 
was similar to that described by Cramer 
and Amplatz. Another significant finding 
on roentgenoscopy and roentgenography 
was failure to visualize the aortic sinuses 
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with test injections when the catheter was 
in the supravalvular location. This indi- 
cates that the catheter is in the false lumen 
(Fig. 8.7) of a dissection which involves the 
ascending aorta, but this should not dis- 
courage attempts to complete the examina- 
tion. Ingections of contrast material (so ml. 
75 per cent hvpaque or angioconray) were 
made into the false channel in 6 of our 
cases, without rupture or complications. 
Therefore, it would appear that injection of 
contrast material via a catheter located in 
the false channel is tolerated. 

The definitive diagnosis of dissection of 
the aorta can be made when both channels 
are opacifed and a site of intimal tear 
visualized. The radiolucency between chan- 
nels which represent the intima and inner 
two thirds of the media is seen only when 
the aorta 1s viewed in profile. Since dissec- 
tions are often circumferential, these linear 
lucencies are not always parallel to the long 
axis of the aorta, but may appear to pass 
obliquely in different directions (Fig. 11.4). 
Therefore, multiple views of the aorta are 
helpful and often necessary to determine 
the full extent of the dissection. Aortic in- 
sufficiency and coronary artery occlusions 
at their origins may be additional roentgen 
findings when the ascending aorta is in- 
volved. Distortion and narrowing of one of 
the opacified channels (Fig. 1; 2C; £; 6, 
B-D; 9.4; and 108) are other important 
and common findings; if both channels fail 
to visualize, they are strongly suggestive of 
dissection. When there is no apparent inti- 
mal tear or communication between the 
aortic lumen and the dissecting hematoma, 
demonstration of a narrowed or distorted 
opacifed channel, abnormal flow patterns 
to clinically viable viscera, and aortic valve 
insufficiency are highly suggestive of dis. 
section, although not necessarily definitive. 
The false channel may be partially throm- 
bosed, with only limited extravasation of 
contrast material at the site or sites of 
intimal tear (Fig. 4). 

The false channel appeared thrombosed 
in the thoracic aorta in 6 patients (Fig. 
34). However, other, albeit subtle, changes 
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Lic. 8. (4) Right oblique aortogram showing catheter in false lumen; the sinuses of Valsalva and the coronary 
presented by lucent defect where unopacified 
blood ente eft oblique aortogram (in diastole) showing filling of the corc- 
nary sinuses. Note linear lucencies and dissection around the origins of the innominate and left common 
carotid arteries, and in the ascending aorta. (C) Abdominal aortogram showing double-barrelled aorta 
with origin of right renal artery from one channel, and that of the visceral arteries from the other channel. 


(Previously published."?) 





arteries are not visualized, and the site of intimal tear is re 


F 


rs the false lumen (arrow). (B) ] 


a 
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hic. 9. G7) Left oblique thoracic aortogram showing large dissection of ascending aorta. Both channels are 
well opacified; however, the sinuses of Valsalva are not seen because the injection was made into the false 
lumen of the ascending aorta. (B) Abdominal aortogram (1 sec.) showing filling of a narrow true lumen, 


which opacifies the celiac axis, superior mesenteric, and right renal arteries. (C) Abdominal aortogram (2 
es. (D). Abdominal aortogram with in- 


sec.) showing further filling of true channel and some of its brancl 
ent to re-entry point at aortic bifurcation. Note filling of a wide false lumen 











jection into false channel adjac 
from which the left renal artery is opacified. 
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vere Med in 2 Instances and were due to 
persistent shallow communications between 
fes true and false channels.* These resemble 
the appearance of gastric ulcers, The “cra- 
ter" 1n dissecting aneurysms is due to ex- 
travasated contrast material in the throm- 
bosed false channels and the linear lucencies 
akin to Hampton's lines represent the wall 
between the true and false channels (Fig. 7, 
A and B). This finding, in the presence of a 
grossly thrombosed false po is an Im- 
portant diagnostic sign of dissection. 

When the thoracic aortic ee Is nar- 
rowed, and the adjacent density is sus- 
pected of being a thrombosed false lumen, 
visualization of the abdominal aorta may 
establish the definitive diagnosis of dissect- 
ing aneurysm. In neoplastic disease adja- luc. 10. (4) Conventional frontal teleroentgenogram 
cent to the aorta, a considerable amount of of the chest showing an enlarged descending thora 
soft tissue density may sometimes be seen cic aorta. | 








Fic. 10. (B) Oblique thoracic aortogram revealing double lumen aorta with dissection beginning distal to left 
subclavian artery, (C) Abd ommal aortogram showing narrowed and distorted true lumen without visual. 
ization of false channel. 
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ic. 11. (4) Frontal thoracic aortogram revealing double lumen aorta with lucent wall between the channels. 
Note the apparent splitting of the wall due to the circumferemtial nature of the dissection (arrow).(B) 
Abdominal aortogram showing double lumen of the aortic dissection. 


beyond the opacified aortic lumen, and an 
erroneous diagnosis of dissection. with a 
thrombosed false channel be made. In 4 of 6 
cases where the false channel in the thoracic 
aorta was thrombosed and the abdominal 
aorta was examined, two abdominal aortic 
channels were revealed, often with the 
visceral blood supply originating partly 
from each (Fig. 3, B and C; 8C; and 9, 
B-D). Indeed, in these cases, although 
anatomically there is a true and false chan- 
nel, this would not seem to be of physiologic 
significance. Where injections were made 
alternately first into one channel, then into 
the other, part of the visceral blood supply 
was derived either from one or the other 
channel (Fig. 3, B and C; 8C; and 9, B-D). 

Figure 12.4 shows an apparently normal 
abdominal aorta in the frontal projection 
without extension of dissection from the 


thorax. The lateral projection, however, re- 
vealed two channels, with the false channel 
located posteriorly and of greater width 
than the compressed anterior lumen (Fig. 
125). ‘Therefore, the abdominal aorta 
should be examined routinely and in more 
than one projection, especially if the frontal 
view fads to demonstrate the full extent of 
the dissection. 





SUMMARY AND CONCLUSIONS 


The dtagnosis of dissecting aneurysm was 
established in 18 patients employing the 
technique of percutaneous catheter aortog- 
raphy. Fhis method has proven safe and 
without complication. Transfemoral or 
transaxillary arterial puncture, or both, 
were used, depending upon the presence 
and quality of peripheral pulses, and need 
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FIG. 12. 
while the abdominal aorta (true channel) 


(4) Frontal thoracoabdominal aortogram showing opacification of the false channel in the thorax 
| appears to be of normal width except for an area of stenosis dis- 


tally (arrow). (B) Lateral abdominal aortogram showing the true channel compressed anteriorly bv the 


wide false lumen. Re-entry point is at site of "stenosis." 


Karolinska Sjukhuset, Stockholm, Sweden.) 


to secure complete evaluation of both the 
thoracic and abdominal aorta. 

The definitive diagnosis of dissecting an- 
eurysm requires opacification of a double- 
lumen aorta with visualization of the lucent 
wall between the two channels. Complete 
and incomplete opacification of the false 
channel was encountered, depending upon 
patency of the false channel. The various 
patterns of incomplete thrombosis of the 
false channel in the thorax, such as ulcer- 
like projections into the false channel and 
localized extravasation of contrast material 
at sites of intimal tear are described and 
illustrated. When complete thrombosis of 
the false thoracic lumen is found, visualiza- 
tion of two distinct channels in the abdomi- 
nal aorta confirms the diagnosis. Hence, 
evaluation of the full extent of the dissec- 
tion is incomplete without the examination 
of the abdominal aorta in one or more pro- 
jections. Suggestive signs of aortic dissec- 
tion are narrowing of the opacified channel 
and incomplete filling of arteries to clini- 
cally viable viscera. 


(Courtesv of Dr. G. Tórnell, Thoraxklinik, 


Harry L. Stein, M.D. 
Nassau Hospital 
Mineola, New York 11501 


Thanks are due to Dr. Robin C. Watson 
who performed the aortographies on many 
of these patients, 
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RETROGRADE CATHETER AORTOGRAPHY IN 
DISSECTING AORTIC ANEURYSMS* 


By LOUIS P. KIRSCHNER, M.D., HOMER L. TWIGG, M.D., PETER W. CONRAD, M.D., 
and CHARLES HUFNAGEL, M.D. 


WASHINGTON, D. C. 


RECISE definition of the limits of dis- 

secting aneurysms 1s essential prior to 
surgery. Recent reports of complications 
arising from retrograde catheter aortog- 
raphy in this condition have discouraged 
many investigators from using this tech- 
nique. Our experience in a large series of 
cases examined by this method has been 
without serious complications. In our 
hands, the excellent contrast obtained by 
this technique surpasses that of other 
procedures and clearly demonstrates the 
extent of the dissection. 


TECHNIQUE 


In 1948, Radner introduced a new 
method of thoracic aortography through 
a catheter placed in the radial artery and 
advanced by way of the brachial, axillary 
and subclavian arteries into the aorta. 
Later, Broden, Hanson, Karnell and Jons- 
son thoroughly explored the value of this 
method. Pierce modified the catheter tech- 
nique by the introduction of percutaneous 
femoral artery puncture and catheter in- 
sertion through the needle.! 

In 1953, Seldinger" published his famous 
technique which has been adopted as a 
standard for retrograde femoral aortog- 
raphy. Various modifications of his tech- 
nique have been developed using an Odman 
polyethylene catheter. 

For investigation of dissecting aortic 
aneurysms, we prefer this retrograde fem- 
oral approach. The Seldinger technique is 
employed using a No. 7 Gensini catheter. 
We attempt to pass the tip of the catheter 
through the true lumen into the aortic root 
for the initial injection. However, if the 
catheter passes through the false channel 
we have not hesitated to inject the contrast 


medium at the origin of the intimal tear. 
Forty cubic centimeters of renovist is used, 
employing a Cordis injector under 750 
pounds pressure at the injector head. Films 
are exposed in the right posterior oblique 
position with a cut-film Schónander cas- 
sette changer at 4 frames per second. The 
catheter is frequently re-positioned for a 
second injection, if both channels have not 
been delineated, or the re-entry sites of 
the dissection are not clearly outlined. 
Proper surgical correction depends upon 
the definition of the precise point of intimal 
tear (Fig. 1-3). Dissection into a triple 
lumen has been demonstrated in 1 case. 


COMPLICATIONS 


In 1957, Abrams published a survey in 
respect to the hazards of retrograde thorac- 
ic aortography.* Evaluating 1,706 thoracic 
aortographies, 29 deaths were recorded; 
dissection occurred in only 1 case. McAfee! 
published a national survey, including 
evaluation of 13,207 abdominal aortogra- 
phies. In his series, 37 deaths and 98 serious 
complications occurred. The complication 
rate was 1.02 per cent and the mortality 
rate 0.28 per cent. In this series, 375 retro- 
grade aortographies were performed with 
141 cut-downs, and with 234 percutaneous 
injections. Two deaths were reported as a 
complication of dissecting aneurysm. 

In reviewing a series from 1953 to 1959, 
Gudbjerg and Christensen* found that 
among 451 examinations, intramural posi- 
tion of contrast material was demonstrated 
in 36 cases out of 419. This shows a 9 per 
cent incidence which 1s compatible with the 
figures reported by other investiga- 
tors,$/75,194536 [In their respective series, 
these investigators emphasize the pre- 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 26-29, 1967. 
From the Departments of Radiology and Surgery, Georgetown University Medical Center, Washington, D. C. 
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hic. 1. The evening prior to admission, this 46 year old male developed excruciating chest pain radiating to 
the back. This was followed by paralysis of the right leg. (4) Injection was made into the ascending aorta. 
The radiolucent line is the site of tear in the aortic arch adjacent to the left subclavian artery. There is 
compression of the true lumen in the descending aorta. (B) The dissection extends into the abdominal aorta. 
The catheter passes from the false lumen into the true lumen in the lower portion of the descending thoracic 
aorta (arrow). 


existing signs of arterial wall disease. In 27 
out of the 36 patients there was difficultv in 
performing the catheterization and ad- 
vancing the catheter. Templeton e£ al.” re- 
ported 1 case of dissection with a retro- 
grade brachial study and felt that the 
cause of the dissection was secondary to the 
catheter. However, pre-existing arterial wall 
disease was observed in this case. Williams 
and Johnson? reported aortic dissection 
after femoral cannulization in a retrograde 
fashion. In their case cystic medial necrosis 
was present, which is one of the underlying 
causes of dissection. Tawakkol and Bacos*" 
are not enthusiastic in advocating this 
procedure. They recommend the direct 
percutaneous non-catheter brachial angiog- 
raphy, popularized by Marshall and Ling, 


to demonstrate aortic abnormalities, and 
to evaluate the thoracic aorta. 

Because of reported complications arising 
from retrograde femoral catheterization, 
percutaneous needle arteriography is 
widely used. Other investigators recom- 
mend venous arteriography,’ 9.15.19 

With a retrograde brachial catheteriza- 
tion, ir is commonly necessary to do addi- 
tional retrograde catheterization from one 
or both femoral arteries in order to demon- 
strate the distal extent of the dissection 
and tke details of any re-entry aperture.’ 
Thus, we preter to use the femoral ap- 
proach initially. In over 75 cases examined 
for dissecting aneurysms, we have had no 
difficulty in passing the catheter from the 
femoral artery. Entry into the dissected 
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sac frequently occurred, but never resulted 
in a complication. We do not consider this 
a hazard, and often knowingly inject the 
contrast medium into the false channel. 
We then have the opportunity to withdraw 
the catheter into the lower descending 
thoracic or abdominal aorta and re-inject 
to outline the site of possible re-entry. 


DISCUSSION 


Within recent vears the surgical ap- 
roach to dissecting aneurysms of the aorta 
has been from palliation to complete cor- 
rection and restoration of physiologic and 
mechanical normality. Seventy-five per 
cent of untreated cases will have a fatal 
termination within 2 months, but relatively 
few patients die within the first 24 hours. 
Twenty-five per cent of patients will sur- 
vive 2 months or more, following the acute 
process,!9-?? Thus, in most patients there is 
adequate time for diagnostic studies and 
surgical procedures. The findings on plain 
b e ams and laminagrams were dis- 
cussed by Evler and Clark? in 1965. The 
accuracy of contrast angiography has made 
possible the correct premortem diagnosis in 
the great majority of cases. Not onlv must 
the diagnosis be made, but the precise defi- 
nitions of the dissection are essential for 
proper surgical management. It is our 
belief that this is best accomplished by 
retrograde catheter aortography. The suc- 
cess obtained by others with venous 
angiography and percutaneous retrograde 
arteriography has not been duplicated 
at our institution. Percutaneous femoral 
catheterization by a modified Seldinger 
technique is our method of choice. In less 
than $ per cent of cases has it been neces- 
sarv to resort to axillary catheterization. 
This most often occurred in elderly pa- 
tients with advanced arteriosclerosis. In 
over 200 suspected cases performed through 
the femoral approach, we have had no 
serious complication despite duplicate in- 
jections at different sites in many patients. 
Passing the catheter into the false lumen 
has never presented a major problem. The 
clear demonstration of the limits of double 
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lic. 2. The catheter passes through the false lumen 
throughout. The dissection begins 1 cm. above the 


coronary arteries and extends through the de- 
scending thoracic aorta into the abdominal aorta. 
The vertical radiolucent hne (arrows) defines the 
separation. between the false and true channels. 


and triple lumen dissections has guided the 
surgical decisions, Patients in whom the 
dissection arises distal to the left sub. 
clavian artery have, for some time, been 
amenable to total correction. With the 
development of safe techniques to approach 
the ascending aorta and aortic valve, total 
correction may now be offered to the group 
of patients having dissections proximal to 


the aortic arch. Without surgery, the 
mortality rate is high. In a certain eles ted 


series of patients, immediate surgery fol- 
lowing adequate aortography can produce 
a success rate of 70 per cent. 


SUMMARY 


Retrograde femoral aortography 1s the 
definitive diagnostic method of choice for 
dissecting aneurysms of the aorta. 
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| ay prior to admission, while 
straining at stool, this 47 year old 
male developed syncope followed by 
paralysis of the left arm and leg. On 
arriving at the hospital, he experi- 
enced severe substernal chest pain 
radiating into the neck and the back in 
the midlumbar region. GD May 4, 
7906: Aortogram shows the catheter 
n the true lumen. The dissection 
originates just proximal to the aortic 
valve. (B) The catheter was with. 
drawn into the abdominal aorta and 
re-injection showed the re-entry of the 
dissection at the level of the left 
enal artery at L 1. (C) May 97, 1967: 
)ne vear after surgery, the patient 
ieveloped heart failure. He was re- 
admitted for a leak in the aortic valve 
with significant insufficiency, Repeat 
aortography shows the catheter in the 
true lumen. Re-dissection is demon- 


strated, 
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Sites of intimal tear and re-entry may be 


clearly demonstrated. 


Infections into both true and false lu- 


mens may be made. 


Our investigations with this method in a 


large series of cases have been without 
serious complications. 


Louis P. Kirschner, M.D. 

Department of Radiology 

Georgetown University Medical Center 
3800 Reservoir Road, N.W. 
Washington, D. C. 20009 
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MYCOTIC ANEURYSMS* 


By RONALD A. WEINTRAUB, M.D,,t and HERBERT L. ABR. AMS, M.D.t 


PALO ALTO, CALIFORNIA 


Ao GH Koch is credited with di 
original pathologic description. of 

mycotic aneurysm in a patient with bac- 
terial endocarditis, the term was introduced 
by Osler” in 1885 to denote aneurysms re- 
sulting from an infectious process involving 
the arterial wall. Since the initial usage of 
the term, a modified nomenclature has ap- 
peared in the literature. “Primary mycotic 
aneurysm, coined by Crane, refers to 
those infectious aneurysms unassociated 
with a demonstrable intravascular in- 
flammatory process such as bacterial endo- 
carditis or with spread of infection by con- 
tiguity from an adjacent suppurative pro- 
cess." This is in distinction to the far more 
common “secondary mycotic aneurysms” 
associated with a known source of infection, 
“Cryptogenic mycotic aneurvsms" ^? in- 
clude those which arise in the absence of 
any obvious source of infection. Mycotic 
aneurysms account for approximately 2.5 
per cent of all aneurvsms.™ 

Prior to the advent of antibiotics, my- 
cotic aneurysms were almost uniformly 
fatal if one of the larger arteries was in- 
volved, even when the diagnosis was sug- 
gested preoperatively, With intense anti- 
biotic therapy and additional surgical ex- 
perience, an increasing number of patients 
have survived. The lesion must first be 
diagnosed, however, before proper therapy 
can be instituted. U Infortunatelv, the most 
lethal locations, such as the aorta, fre- 
quently present with minimal signs and 
symptoms at an early stage, whereas the 
least disastrous, the peripheral arteries, are 
more readily recognized. A high index of 
suspicion. followed by immediate angio- 
graphic investigation is essential, for the 
disintegration of the arterial wall progresses 


rapidly and hesitation 
fatal. 

It is the purpose of this paper to present 
and review several cases of mycotic aneu- 
rysms, 2 terminating fatally, with the ex- 
pectation that an increased awareness of 
the lesion will result in an earlier diagnosis 


and a better prognosis. 


any may prove 


REPORT OF CASES 


Case t. J. D., a 55 year old white male, was 
hospitalized with the chief complaint of 6 days 
of progressively increasing pain in the left groin 
which recently had become unbearable. Asso- 
clated findings included swelling of the thigh 
and a spiking fever which had not been ap- 
parent initially. 

Physical examination demonstrated pitting 
edema, plethora and venous engorgement of 
the left thigh. A tender, pulsatile mass 7 cm. in 
diameter was palpable in the left inguinal area. 
The popliteal and dorsalis pedis pulses were 
present bilaterally although significantly re- 
duced on the left. A Grade n systolic murmur 
was heard best at the cardiac apex. 

The patient continued to spike high tempera- 
tures and had an elevated white blood cell 
count. Blood and stool specimens grew Sal. 
monella typhimurium which was sensitive to 
chloromycetin and neomycin. An abdominal 
roentgenogram disclosed prominent calcifica- 
tion of the aorta and iliac arteries but no 
evidence of aneurysm formation. A retrograde 
aortogram demonstrated the markedly athero- 
sclerotic aorta and iliac arteries; in addition, a 
smooth-walled, saccular aneurysm was opaci- 
hed. It measured 5.5 cm. X6.5 cm. and origi- 

nated at the bifurcation of the common femoral 
artery (Fig. 1). A venogram disclosed complete 
obstruction of the common femoral vein, pre- 
sumably secondary to pressure from the 
aneurysm with prominent collateral venous 
circulation about the hip. 

Six davs following his admission, 


the left 


* From the Department of Radiology, Stanford University School of Medicine, Palo Alto, California. 
Supported in part by Grant HE 03043 of the National Heart Institute, National Institutes of Heal Ith, U.S. Public Health Service. 
T Former Assistant Professor of Radiology; now Radiologist, John Muir Hospitali and Concord Community Hospital, Walnut Creek, 


California. 


t Former Professor of Radiology, Stanford University; now Professor of Radiologs, Harvard Medical School, Boston, Massachusetts. 
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femoral artery was surgically explored and a 
6 cm.X8 cm. false aneurysm was identified 
arising from the posterior aspect of the common 
femoral artery. The aneurysm was excised and 
the wound debrided. A saphenous vein by-pass 
graft was utilized to preserve peripheral blood 
flow; postoperatively the distal pulsations were 
adequate. The incision was left open for a de- 
layed primary closure. The pathologic speci- 
men demonstrated arteriosclerotic intima, or- 
ganizing thrombus and acute and chronic in- 
flammation of the surrounding tissue. A culture 
of the aneurysm yielded Salmonella typhi- 
murium. 

The postoperative course was uneventful 
with the exception of incomplete healing of the 
incision. which drained seropurulent material 
containing Salmonella typhimurium. Salmo- 
nella was isolated from the stool but multiple 
blood cultures were sterile. The patient was 
discharged to be followed in a hospital near his 
home. 

Nine days later, a sudden brisk hemorrhage 
occurred in the region of the saphenous vein 
graft. Exposure of the left femoral artery re- 
vealed the proximal and distal anastomosis to 
be intact but aspiration of a small abscess 
adjacent to the proximal portion of the graft 
resulted in spontaneous rupture and bleeding, 
controlled bv a common femoral artery liga- 
ture proximal to the venous graft. Culture of 
the wound again produced a heavy growth of 
Salmonella tvphimurium. Because of arterial 
insufficiency and the production of a dry gan- 
grene of the first, second and third toes, the 
patient had a supracondylar amputation. The 
groin and stump healed well postoperatively 
and the patient was discharged. The follow-up 
examination 2 vears later was unremarkable. 


Case rm. G. S., a 21 year old male, entered 
the hospital because of chills, fever, and painful 
and numb feet. These symptoms developed 3 
weeks prior to admission and had responded 
temporarily to terramycin and other anti- 
biotics. Past history was otherwise unremark- 
able. 

Physical examination revealed an acutely 
ill, pale, patient with conjunctival petechiae, 
splinter hemorrhages of the fingernails and 
toenails, and swelling of the ankles and feet. 
There was a Grade nr harsh apical systolic 
murmur but no cardiomegaly. Liver and 
spleen were tender and slightly enlarged. The 
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Fic. 1. Case 1. A false saccular aneurysm of the com- 
mon femoral artery, overlying the femoral head, is 
opacified by retrograde aortography. Salmonella 
typhimurium was cultured from the aneurysm. 


initial red blood cell count was 2.5 million with 
8,100 white blood cells but the latter increased 
to 21,000. Multiple blood cultures, including a 
bone marrow specimen, were negative prior to 


and following discontinuance of antibiotic 
therapy. 
Following the presumptive diagnosis of 


subacute bacterial endocarditis superimposed 
upon a rheumatic mitral valvular lesion, the 
patient was placed on various regimens of 
antibiotic therapy but the spiking febrile re- 
sponse continued. Six weeks later, there was a 
sudden onset of severe mid-abdominal pain 
and mesenteric embolism was considered. A 
mass in the region of the left common iliac 
artery was first noticed 1 month thereafter and 
within 2 weeks had increased significantly in 
size and was associated with a murmur. The 
peripheral pulses of the left leg were diminished. 
An intravenous and retrograde pyelogram 
demonstrated lateral displacement of the left 
ureter at the L4 level (Fig. 2). A translumbar 
aortogram opacified a large saccular aneurysm 
of the distal abdominal aorta which displaced 





Fic. 2. Case rr, Retrograde pyelogram reveals lateral 
displacement of the middle third of the left ureter 
by a retroperitoneal mass. 


and partially obstructed the left ureter (Fig. 3). 

At operation, it was impossible to excise the 
aneurysm which was then by-passed with a 
homograft. Following surgery, pulsations to the 
lower extremities were adequate but 2 days 
later were not palpable. The circulation ap- 
peared adequate otherwise and no attempt was 
made to revise the graft at that time. Six weeks 
after surgery the patient expired. Autopsy re- 
vealed a perforation through the homograft 
and rheumatic vegetations involving the mitral 
valve. Death was due to intra-abdominal and 
retroperitoneal hemorrhage from a rupture of 
the homograft. 


Case nr. N. S., a 54 year old white male, was 
hospitalized with a 4 week historv of dvspnea, 
fever and night sweats. Five days prior to ad- 
mission the patient noted the onset of right 
upper quadrant and mid-back pain which was 
accentuated by deep inspiration. Two days be- 
fore hospitalization he expectorated blood 
streaked sputum, The past history was non- 
contributory with the exception of a partial 
right upper lobectomy for tuberculosis 8 years 
previously, Positive physical findings were re- 
stricted to an enlarged liver and rales, rhonchi, 
and wheezes at the right lung base. 


In the laboratory work-up, Salmonella 
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typhimurium, sensitive to chloromycetin, was 
isolated from the sputum, stool and blood. 
Following antibiotic therapy the fever and 
abdominal pain disappeared but the production 
of bloodv sputum continued. À chest roentgen- 
ogram 1 week after admission revealed infiltra- 
tion at the right lung base, pleural reaction, 
and a soft tissue mass in the right cardiophrenic 
angle (lig. 4, Z and B). A chest roentgenogram 
4 weeks iater demonstrated marked enlarge- 
ment of the soft tissue mass in the right cardio- 
phrenic angle with anterior displacement of the 
distal esophagus (Fig. s, Æ and B). With the 
presumptive diagnosis of mediastinal abscess, 
a limited thoracotomy was performed, Aspira- 
tion of blood from a mass encountered during 
the exploration resulted in the new diagnosis of 
mycotic aneurysm of the descending thoracic 
aorta. No further definitive surgery was per- 
formed and an aortogram the next day demon- 
strated a large saccular aneurysm arising at the 
level of the diaphragm, measuring 6 cm. in 
diameter and compressing the aorta (lig. 6). 
Two days later the aneurysm was resected and 
a teflon graft inserted. The aneurysm was 1s 
cm. in diameter with extremely thin walls and 
posteriorly the wall was virtually nonexistent, 
being formed by the vertebral bodies. Post- 
operativelv, the patient survived two cardiac 





Fic. 3. Case it. Translumbar aortogram demonstrates 
a large saccular aneurysm arising at the bifurca- 
tion of the aorta and responsible for the lateral 
deviation of the left ureter. 
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lic. 4. Case ur. (A) Posteroanterior and (B) lateral chest. roentgenograms reveal infiltration and pleural 


reaction at base of right lung, and a soft tissue mass in the right cardiophrenic angle (arrows). 


arrests but continuing hypotension necessitated 
a second operation during which 1,000 ml. of 
clotted blood was removed from the left pleural 
space, but the source of bleeding was not iden- 
tified. The patient never recovered conscious- 
ness and expired to days later. Pathologic 


S 


examination of the surgical specimen revealed 
intimal atherosclerosis, necrosis of the media 
and adventitia and extensive fibrosis of the 
aortic wall. The unorganized adventitial blood 
clot appeared to be in continuity with the 


aortic. lumen. Salmonella typhimurium was 





Fic. g. Case ur. (4) Posteroanterior and (B) lateral chest roentgenograms, with barium swallow 4 weeks 
later demonstrate marked progression in size of the soft tissue mass in the right cardiophrenic angle and 


anterior deviation of the distal esophagus. 
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bic. 6. Case mi. Thoracic aortography delineates a 
large saccular aneurysm originating from and com- 
pressing the descending thoracic aorta at the level 
of the diaphragm. 


cultured from the wall of the aneurysm. 

At autopsy, examination of the heart failed 
to reveal any evidence of bacterial endocarditis. 
The proximal and distal anastomotic sites were 
Intact as was the teflon graft. Postmortem 
blood cultures were sterile, but the peritoneal 
fuid, aortic wall and left para-aortic hematoma 
grew out Pseudomonas. 


DISCUSSION 
PATHOLOGY 

Development of a mycotic aneurysm re- 
quires a source of infection and, usually, 
damage to the vascular wall by atherosclero- 
sis, cystic medial necrosis, syphilitic aorti- 
tis, external trauma, or congenital defects 
such as coarctation? or hypoplasia of the 
aorta. The intact intima is extremely resis- 
tant to infection although in bacterial endo- 
carditis an infected embolus may wedge ina 
normal vascular tree at a bifurcation, a 
normal but sharp turn in the vessel, or at a 
site of rapid tapering. 

The arterial wall may be affected through 
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a variety of routes. Embolization from bac- 
terial endocarditis is the most frequently 
reported factor. €18 The infection may 
spread from an adjacent area, either intra- 
vascular or extravascular. Tuberculous in- 
volvement is usually secondary to extension 
by contiguity,^?* although hematogenous 
spread and embolic deposition have been 
reported.” This mechanism may also be ap- 
plicable when the sinus of Valsalva or as. 
cending aorta are involved in patients with 
bacterial endocarditis of the aortic cusps. In 
the preceding instances, the aorta may be 
normal or diseased. In septicemia bacteria 
lodge on the abnormal intima or in the vasa 
vasorum. In the absence of endocarditis, 
the most common causes of bacteremia are 
lung and bone infections; other sources in- 
clude infectious arthritis, esophagitis, ure- 
thritis, cellulitis of the soft tissues and 
cystitis. In many, particularly with Sal- 
monella, the origin of the bacteria is never 
determined. Lymphogenous extension via 
the perivascular lymphatics infrequently is 
responsible for an arteritis. 

Any artery may be affected by mycotic 
aneurysms; in a significant number of cases 
they are multiple. Several authors?^27.5 
note the predominant involvement of the 
thoracic aorta, primarily the ascending 
aorta and arch. Lewis and Schrager!* list 
the superior mesenteric artery as the most 
common site, The intracranial vessels, pri- 
marily the middle cerebral artery, are next 
in frequency followed by the large arteries 
of the extremities, particularly the femoral 
and brachial. Intra-abdominally, the he- 
patic and splenic arteries may be diseased. 
Tuberculosis involves primarily the ab. 
dominal aorta by extension from caseating 
lymph nodes. 

With the development of an arteritis, the 
pathology usually progresses in one of two 
directions, depending primarily upon the 
virulence of the organism. A rapid disinte- 
gration of the wall with rupture mav ensue 
without any dilatation. Primary mycotic 
aneurysms frequently are of this type. If a 
large vessel is involved, the artery bleeds 
freely into the pericardial, pleural or peri- 
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toneal space or may rupture into the bron- 
chial tree, lung or gastrointestinal 
viscera,^192625,2597 When a peripheral 
artery perforates, a false aneurysm may 
develop with the wall composed of com- 
pressed perivascular tissues with or without 
an intact adventitia. Occasionally, a false 
aneurysm develops elsewhere as occurred 
in Case 111. False aneurysms may eventually 
rupture but thrombosis with complete 
healing does occur. When the destruction 
proceeds slowly, as 1s often true with my- 
cotic aneurysms secondary to bacterial en- 
docarditis, dilatation may occur first with 
the formation of a true aneurysm. Even- 
tually, these may rupture, but some never 
do and complete healing may occur. 

Grossly, mycotic aneurysms vary greatly 
in appearance. Often millet seed in size, 
they are rarely larger than a walnut, even 
in the larger arteries, except where a false 
aneurysm develops. 

Histologically, there 1s a loss of intima, 
destruction of elastic tissue, particularly 
the internal elastic lamina, and acute or 
subacute periarteritis and mesarteritis. The 
muscularis may be partially or totally de- 
stroyed as is true of the adventitia. Usually 
it is possible to differentiate mycotic from 
other types of aneurysms by microscopy. 

Nonhemolytic streptococci were identi- 
fied in the majority of mycotic aneurysms 
secondary to subacute bacterial endocardi- 
tis but staphylococci, pneumococci, bacillus 
influenzae, salmonella, gonococcus, and 
other organisms have also been cul. 
tured.! 2437,36 

Salmonellosis is receiving increased rec- 
ognition as an important cause of mycotic 
aneurysm. Two of the three reported cases 
of mycotic aneurysm in this article were 


secondary to Salmonella typhimurium. 


CLINICAL FINDINGS 


Typically, mycotic aneurysms have an 
insidious onset with nonspecific symptoms 
such as malaise, fever, chills, and increased 
weakness. Consequently, rupture as early 
as I to 2 weeks following onset of symp- 
toms often occurs prior to diagnosis. When 
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localized to an intracranial, intrathoracic, 
or intra-abdominal artery the diagnosis 
may not be established until autopsy. 
Peripheral arteries situated superficially 
offer the best opportunity for early recogni- 
tion. Here the pain, swelling, and tender- 
ness may be erroneously diagnosed initially 
as thrombophlebitis, but the development 
of a pulsating mass, representing a true or 
false aneurysm, suggests the lesion. Absent 
pulsations and circulatory impairment are 
often apparent distal to the aneurysm al- 
though gangrene is uncommon. Mycotic 
aneurysm of the abdominal aorta may pro- 
duce severe epigastric or lumbar pain, 
urologic complaints and a vascular or 
neurogenic type of discomfort of the lower 


_ extremities but the diagnosis depends upon 


demonstrating a pulsating abdominal mass, 
thrill, or bruit. Severe epigastric pain oc- 
curs with superior mesenteric artery an- 
eurysms. These aneurysms are palpated 
inferior and to the right of the umbilicus 
and may be displaced spontaneously or 
manually about the abdomen. Hepatic 
artery aneurysms may present with pain 
over the liver, jaundice, and bleeding into 
the gastrointestinal tract. With intracra- 
nial involvement, the neurological examina- 
tion suggests intracerebral hemorrhage or 
embolism. A past history of endocarditis 
or a known active infection is helpful. It is 
important to document the presence of a 
septic process by stool or blood cultures. 
Leaking aneurysms result in a leukocytosis 
up to 20,000, but a temperature elevation 
suggests bacteremia. 


ROENTGENOGRAPHIC FINDINGS 


Mycotic aneurysms have no characteris- 
tic roentgenographic features that dis- 
tinguish them from other types of aneu- 
rysms other than their sudden appearance, 
rapid progression in size, and occasional 
uncommon localization. Aneurysms situ- 
ated peripherally in the middle cerebral 
artery are invariably mycotic,® while those 
involving the superior mesenteric artery 
have a high incidence of mycotic an- 
eurysms.% Whether a true or false an- 
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eurysm, they tend to be saccular but this 
configuration is also found with luetic, 
arteriosclerotic, traumatic and congenital 
aneurysms. 

Luetic aneurysms situated in the ascend- 
ing aorta and arch are frequently associated 
with dilatation of the sinuses of Valsalva 
and aortic insufficiency. Traumatic an- 
eurysms may appear suddenly and pro. 
gress rapidly but are characterized by a pre- 
dilection for fixed portions of the aorta, 
namely, the aorta distal to the valve and at 
the origin of the left subclavian artery, 
Arteriosclerotic aneurysms may be dis. 
tinguished by their older age incidence and 
other features of atherosclerosis. Athero- 
sclerotic aneurysms may become secon- 
darily infected during a bacteremia. ^?! 
Saccular aneurysms of an extremity, par- 
ticularly the femoral triangle and popliteal 
fossa, are most commonly arteriosclerotic, 
occasionally traumatic, but when infec- 
tious, their inflammatory nature is obvi- 
ous. 

Thoracic and abdominal aortic aneu- 
rysms may be suspected on routine roent- 
genographic examinations. Occasionally, 
the etiology of the mass may be obscure; in 
Case 111, for example, it was initially con- 
sidered a mediastinal abscess. A similar 
case was reported by Yanotf e a/?* Angio- 
graphic studies are required to delineate 
intracranial and visceral artery aneurysms 
as well as to substantiate the diagnosis in 
the thoracic or abdominal aorta. 


PROGNOSIS AND TREATMENT 


When visceral arteries are affected, the 
prognosis is grave because the absence of 
specific clinical findings precludes early 
diagnosis. With peripheral artery aneu- 
rysms, the outcome is more favorable, since 
their superficial location enables an earlier 
diagnosis. Rarely, spontaneous cures due 
to thrombosis have been reported.2%2 
Even when recognized early, surgical cor- 
rection may not be possible because of the 
extensive infection and necrosis which 
prevent adequate healing at the anasto- 
motic site. The longer the delay in institut- 
ing proper therapy, the more extensive the 
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infected and devitalized tissue and the less 
the chance of a favorable outcome. 

The aim of therapy is twofold: (1) 
eradication of the underlying infection; and 
(2) removal of the aneurysmal sac and re- 
construction of the artery, when necessary 
to maintain continuity of blood flow.* Ap- 
propriate antibiotic therapy preoperatively 
will render the blood stream sterile in the 
majority of cases, but unless the aneurys- 
mal sac is extirpated, it will serve as a per- 
sistent source of reinfection. 

Surgical correction is more successful 
when repairing smaller vascular structures 
like the femoral, brachial, or superior 
mesenteric arteries than with larger arteries 
such as the thoracic or abdominal aorta. 
The best results are achieved when only a 
simple ligation of the blood vessel and exci- 
sion of the aneurysm are required, This 
may be employed when the continuity of 
blood flow need not be maintained for 
viability or function or when an adequate 
collateral circulation has developed due to 
the gradual occlusion of the primary vessel. 
In large vessels where the blood flow must 
be maintained, reconstruction of the artery 
may be accomplished by a simple end-to- 
end anastomosis following resection of the 
necrotic tissue and aneurysm, or through 
the interposition of a graft,5:14:16.20,38 


SUMMARY 


Mycotie aneurysms are relatively in- 
frequent but their marked propensity for 
rupture cemands early recognition and 
prompt therapy if the patient is to survive. 
The nonspecific clinical findings make the 
diagnosis difficult. Any mass associated 
with evidence of present or past infection 
should be suspect. Angiography will almost 
always delineate the aneurysms. Treat- 
ment consists of intense, appropriate anti- 
biotic therapy, excision of the aneurysm 
and re-establishment of blood vessel con- 
tinuity where essential. 

Herbert L. Abrams, M.D. 
Department of Radiclogy 
Peter Bent Birgham Hospital 
721 Huntington Avenue 
Boston, Massachusetts 02115 
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CHRONIC POST-THROMBOTIC OBSTRUCTION OF 
THE INFERIOR VENA CAVA INVESTIGATED 
BY CAVOGRAPHY* 


A REPORT OF 11 CASES 


By E. W. L. 


FLETCHER and M. LEA 


THOMAS 


LONDON, ENGLAND 


HE most commonly described physical 

signs of chronic obstruction of the in- 
ferior vena cava are bilateral swelling of the 
legs and the presence of superficial abdom- 
inal wall collateral veins in which the 
blood-flow is towards the head.*!?:!5 
These collaterals, the superficial epigastric 
and superficial circumflex iliac veins, arise 
at the sapheno-femoral junction and are 
only present when the obstruction extends 
into the external iliac veins. Many cases of 
inferior vena caval obstruction involve the 
inferior vena cava alone, and no superficial 
collaterals are visible. 

Bilateral edema of the legs, due to in- 
ferior vena caval obstruction mav not be 
distinguishable on clinical grounds from 
bilateral iliac vein obstruction. 

Should surgical treatment for inferior 
vena caval obstruction, either by throm- 
bectomy or by-pass procedures be con- 
templated, it is essential not only to diag- 
nose the condition but also to show the full 
extent of the lesion before its suitability for 
surgery, and the method which may be em- 
ployed, can be assessed. 

Inferior vena cavography is the most 
reliable method available for the diagnosis 
of inferior vena caval obstruction and to 
show its extent.” 5 

In this paper we describe the methods of 
cavography we have used and the findings 
in 1I patients with chronic post-thrombotic 
inferior vena caval obstruction, 


MATERIAL AND METHODS 


Eleven patients, 3 female and 8 male, 
whose ages ranged tom 24 to $1 years 
(average 37 years) were investigated by 
CH CAR ERUS femoral cavography; 5 by 


pertrochanteric cavography; and 3 by a 
combination of these two Ie to- 
gether. In addition 2 of the patients had 
transcardiac catheterization cavography to 
show the upper part of the inferior vena 
cava. 


I, PERCUTANEOUS PERFEMORAL CAVOGRAPHY 


With the patient in the supine position, 
under either general or local anesthesia, 
both common femoral veins are punctured 
percutaneously, using a Sheldon cannula,” 
which is threaded up the veins for a few 
centimeters. 

Forty milliliters of conray 420 are in- 
jected simultaneously on each side by hand. 
Ten 14 X 14 inch films of the pelvis and 
lower abdomen are exposed at a rate of 1 
per second, the filming and injection being 
started at the same time. This series of films 
is then examined and if the upper end of the 
obstruction of the inferior vena cava has 
not been demonstrated the examination 1s 
repeated centering over the upper abdomen 
and thorax. These films are exposed slightly 
later than the first series—the exact timing 
being based on a study of the previous run. 


2. PERTROCHANTERIC INTRA-OSSEOUS 
CAVOGRAPHY 

With the patient in the prone position, 
under general anesthesia, heavy duty gauge 
bone marrow needles are introduced into 
both greater trochanters under television 
control. 

Forty milliliters of conray 420 are in- 
jected through each needle simultaneously 
using gas operated pressure pumps set at 40 
lb. per square inch. Films of the pelvis and 
lower abdomen are exposed as described 


* From the Department of Radiodiagnosis, St. Thomas’ Hospital, London, England, 
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for the percutaneous femoral technique, 
except that the first film is exposed halfway 
through the injection of contrast medium. 
If the upper end of the obstruction has not 
been demonstrated a further series of films 
is exposed with later timing, centering over 
the upper abdomen and thorax after a fur- 
ther bilateral injection of contrast medium. 

In 3 patients in whom percutaneous 
femoral venepuncture failed on one side, a 
combined technique was used, percuta- 
neous femoral injection on one side and 
pertrochanteric intra-osseous Injection on 
the other. 
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3. TRANSCARDIAC CATHETERIZA TION 
l CAVOGRAPHY 

This method was used in 2 patients to 
demonstrate the upper end of the vena 
caval obstruction. 

An N.LH. dacron 8F angiography cathe- 
ter is introduced through a cut down on the 
right basilic vein and passed under televi- 
sion control through the right atrium into 
the upper inferior vena cava. The catheter 
is then passed downwards to the site of 
obstruction and 40 ml. of contrast medium 
injected at a pressure of 60 lb. per square 
inch. A series of ¢ films of the upper part of 





Vic. 1. (4) Diagrams of Cases 1 to 4 showing sites of obstruction and collaterals. 
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lic. 1. (B) Diagrams of Cases § to 8 showing sites of obstruction and collaterals. 


the inferior vena cava are exposed at the 
rate of 1 per second. 


CLINICAL FEATURES 


All the patients had edematous legs, the 
length of history ranging from 3 months to 
25 years. Three patients had varicose ulcers 
and 2 complained of venous claudication. 
In 5 patients dilated veins were noted on 
the anterior abdominal wall with evidence 
of flow towards the head. Three patients 
had albuminuria; the blood urea was nor- 
mal in the 6 patients in whom it was estl- 
mated. 

The clinical features are summarized in 
Table 1. 


RESULTS OF CAVOGRAPHY 
SITES OF OBSTRUCTION 


In 3 eases the inferior vena cava alone 
was totally obstructed. In the remaining 8 
cases the iac veins were also involved be- 
ing either totally obstructed or narrowed 
bv past ~hrombosis. 

In 5 cases the proximal end of the ob. 
structed inferior vena cava was demon. 
strated 5v percutaneous femoral cavog- 
raphy, pertrochanteric cavography or by 
transcarciac catheterization cavographv. 
In only 1 patient (Case 10) did we show bv 
cavography that the renal veins were in- 
volved 1n the thrombotic process. The sites 





of obstruction and whether it was partial or 
complete are shown in Figure 1,77, B and C. 


COLLATERALS BY-PASSING THE OBSTRUCTION 


Anterior abdominal wall collaterals with 
reverse flow have generally only been ob- 
served in those patients in whom the 
thrombotic process extended into the ex- 
ternal iliac veins (Cases 4, 5, 7, 8, 9 and 11). 
The main collaterals in this group are the 
superficial circumflex iliac veins and the 
superficial epigastric veins which either en- 
ter the inferior vena cava above the obstruc- 
tion through the subcostal veins or enter 
the axillary veins via the thoraco-epigastric 
veins cosas (Fig, 2.7 and B: Case 11). 

In those patients (Cases 1, 2 and 3) in 
whom the obstruction was confined to the 
inferior vena cava the collateral pathways 
were situated on the posterior abdominal 
wall and consist mainly of the ascending 
lumbar veins, the lumbo-azygos veins and 
the vertebral plexus®*! (Fig. 3). In many 
instances, in which both the inferior vena 


bog V. 


E.V. P. 





T.EV. Renal V. 










« 
) 
C TA L V. 


jià 


QV. OM. 


SC.LV. 





9 D.E.PY, c 10. 


Post-Thrombotic Obstruction 367 


cava and the iliac veins have been involved 
in the thrombotic process, both anterior 
and posterior abdominal wall collaterals 
have been observed—-the posterior abdo- 
minal wall collaterals filling through the 
obturator veins (Cases 4,6, 8, 9, 10 and 11; 
Fig. 1, 4, B and C). 

In Case 10 (Fig. 4, 4, B and C) in whom 
the inferior vena cava and both common 
and external illac veins were totally ob- 
structed, the collateral How was mainlv 
through the recto-vesical plexus and in- 
ferior mesenteric vein to enter the portal 
svstem, and no anterior abdominal wall 
collaterals were demonstrated. 


DISCUSSION 


Percutaneous perfemoral cavogra- 
phy»? ig a simpler method than pertro- 
chanteric intra-osseous cavography'?!* and 
has the advantage that it can be performed 
under local anesthesia. If the femoral veins 
are involved in thrombosis, however, vene- 
puncture may not be possible and under 
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Fic. 1. (C) Diagrams of Cases 9 to 11 showing sites of obstruction and collaterals. 


Partial Obstruction ‘ZZ 
Total Obstruction ee 





Key to abbreviations: A.L.V.—Ascending Lumbar Vein; C.1.V.--Common Hiac Vein; D.C.LV.— Deep 
Circumflex lliac Vein; D.E.P.V.—Deep External Pudendal Vein; E.I.V.—External Iiac Vein; E.V.P.— 
External Vertebral Plexus; F.V.—Femoral Vein; LLV.—Internal Iliac Vein; I.M.V.—-Inferior Mesenteric 
Vein; L.P.V.—Internal Pudendal Vein; IL.R.V.—-Inferior Rectal Vein; 1.V.C.—-Inferior Vena Cava; LV.P.— 
Internal Vertebral Plexus; L.A.V.—Lumbo-Azygos Vein; L.V.—Lumbar Vein; O.V.—Obturator Vein; 
P.M.P.—Parametrial Plexus; P.P.—Pudendal Plexus; P.S.P.——-Presacral Plexus; P.V.—Pubic Vein; 
R.V.P.—Recto-Vesical Plexus; S.C.IL.V.-—Superficial Circumflex Iliac Vein; S.E.P.V.-—Superficial External 


Vein; T.E.V.—Thoraco-epigastric Vein; V.V.—Vesical Vein; 3rd L.V.-—Third Lumbar Vein. 
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l'16. 2, Case ir, (4) Pertrochanteric intra-osseous cavogram show ng the right lateral thoracic vein (—) en- 
tering the right axillary vein ( 1). Right thoraco-epigastric vzin (+); right superficial epigastric vein 
(a); right superficial circumflex iliac vein (8. (B) Infrared photograph showing the superficial veins of 
the right anterior abdominal wall and the right lateral chest wall. Right thoraco-epigastric vein (e). 


these circumstances pertrochanteric cavog- 
raphy has to be used. If in either method 
bilateral simultaneous injections of a large 
volume of contrast medium are made, the 
proximal end of an obstruction of the in. 
ferior vena cava can often be demonstrated 
by collateral filling. In Case 11, collateral 
veins arising from the sapheno-femoral 
junction were shown to enter the axillary 
vein by the intra-osseous technique (Fig. 
24). Transcardiac catheterization cavog- 
raphy???" is regarded as a supplementary 
method to show the upper end of an oc. 
clusion if this has not been demonstrated 
by pelvic cavography. 

No complications of the 3 methods of 
cavography were encountered in this series 
of patients. 

An interesting clinical feature of this 
series of patients is that g out of 11 had a 


period ct bed rest (sometimes with a deep 
leg vein thrombosis) immediately preceding 
the onse: of svymptoms;*" other than this 
no precipitating causes could be found. An- 
other interesting clinical feature is that in 
only 4 of the 11 patients was a definitive 
diagnosis of Inferior vena caval obstruction 
made or clinical grounds, although in a 
further 2 cases it was suspected. In the re- 
maining § patients the clinical diagnosis 
was either of iliac vein obstruction or vari- 
cose veirs of the legs. As the clinical diag- 
nosis depends on the recognition of ante- 
rior abcominal wall collaterals running to- 
wards the axillae, in the absence of these 
the diagnosis can not be made with con. 
fidence. For this reason inferior vena cavog- 
raphy is an essential diagnostic procedure. 
In order to assess the suitability of a pa- 
tient for surgical treatment whether by by- 


VoL. 102, No. 2 
pass procedures or thrombectomv, the ex- 
act site and full extent of the inferior vena 
caval obstruction must be known. Although 
albuminuria is a constant feature of acute 
thrombosis of the inferior vena cava in- 
volving the renal veins,* *!! in these chronic 
cases albuminuria was either absent or only 
present in small amounts, and for this rea- 
son albuminuria cannot be relied upon as 
evidence of involvement of the renal veins 
in the thrombotic process. In Case 2, in 
whom the proximal end of the obstruction 
was not demonstrated by pelvic cavog- 
raphy it was assumed that the obstruction 
did not extend toinvolve the renal veins, as 
he only had a trace of albuminuria, At 
operation, however, the whole of the infe- 
rior vena cava, as far as the right atrium, 

was found to be obstructed and no Te 
procedure could be undertaken, For this 
reason we now believe that if the upper end 
of the obstruction has not been demon- 
strated by pelvic cavography, transcardiac 





Bilateral perfemoral cavogram show- 


Case 3. 
ing postericr abdominal wall collaterals. Right 
external iliac vein (—); right common iliac. vein 
(NO; straight left ascending lumbar vein (e); 
tortuous lumbo-azygos vein (S) displacing the left 


ureter (,/ ). 


FIG. 3. 
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catheterization cavography is essential in 
the assessment of suitability for surgical 
treatment. 


SUMMARY 


Eleven patients with chronic post-throm- 
botic obstruction of the inferior vena cava 
have been investigated by cavography. 

The clinical features and the roentgen- 
ologic techniques used are described. 

The importance of inferior vena cavog- 
raphy in both the diagnosis of inferior vena 

caval obstruction and to show its extent is 
emphasized. 


E. W. L. Fletcher 
Department of Radiodiagnosis 
St. Thomas’ Hospital 

London S. E. 1, England 
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hic. 4. Case 10. (4) Bilateral pertrochanteric 


intra-osseous cavogram. First series of films. 
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tal vein (7). (C) Transcardiac catheteriza- 
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(—); upper end of the caval obstruction 
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cencmg lumbar vein acting as a collateral 
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A PLAIN FILM SIGN OF TOTAL ANOMALOUS 
PULMONARY VENOUS CONNECTION 
BELOW THE DIAPHRAGM 


By SAUL EISEN, 


M.D.,* and LARRY P. 


ZLLIOTT, M.D.+ 


GAINESVILLE, FLORIDA 


MONG infants presenting with cyanosis 
and/or respiratory distress in the 
newborn period, total anomalous pulmo- 
nary venous connection (T. A.P.V.C) below 
the diaphragm is an important differ- 
ential diagnostic consideration. This is 
especially true in the immediate newborn 
period when the distinction between com- 
plex congenital heart disease and primary 
respiratory disorders is dithcult. Moreover, 
the problem of diagnosis is compounded 
further because the electrocardiogram and 
clinical signs of congestive heart failure 


are not clear cut in the first few days of 


life. 

Differentiation, however, is important 
because T.A.P.V.C. below the diaphragm 
is a diagnostic and surgical emergency, 
whereas pulmonary diseases (hyaline mem- 
brane disease, pneumonia etc.) obviously 
require intensive medical treatment. Thus, 
it seems that any additional roentgen 
sign which would distinguish or at least 
point towards T.A.P.V .C. below the dia- 
phragm rather than a primary pulmonary 
disorder would be of considerable aid. 

In a recent case of T.A.P.V.C. below 
the diaphragm, an anterior indentation 1n 
p 2m Dia esophagus just above the 
The significance 
of his Dd on was puzzling because it 

was slightly below the expected esophageal 
impression of left atrial enlargement. More- 
over, the one roentgen hallmark of all 
forms of T.A.P.V.C. is absence of left 
atrial enlargement. 

In retrospect, the angiocardiographic 
and plain film findings of the esophageal 


indentation correlated precisely with the 
site of confluence formed by the veins 
draining both lungs. This confluence is 
often termed the "common pulmonary 


vein." Because of this finding, we re- 
analyzed tke plain films and angiocardio- 


grams in 5 additional cases of T.A.P.V.C. 
below the diaphragm. Much to our chagrin, 
barium swzllow studies had been per- 
formed in only 2 of the additional $ cases; 
yet in these 2 cases as in the aforemen- 
tioned case, the same indentation in the 
esophagus was present. Therefore, the pur- 
pose of this paper is to briefly present the 
plain film findings in 3 cases of T.A.P.V.C. 
below the diaphragm as (1) a means of 
emphasizing a sign which may have con- 
siderable value in. diagnosis, and (2) em- 
phasizing the importance of esophagrams 
in all newborns with respiratory symptoms. 

Definition of Terms. Y.A.P.V.C. without 
additional complicating defects may be 


classified into two major types: (1) 
T.A.P.V.C. above the diaphragm (Fig. 


1, 2 and 4), and (2) T.A.P.V.C. below the 
di aphragm (Fig. 2). The latter type is the 


primary concern in this communication. 
Infants with the infra.d liaphragmatic 


type are often symptomatic in the imme- 
diate newborn period, whereas those with 


the supra-diaphragmatic type usually man- 
fest symptoms somewhat later (2-3 
months). 


MATERIAL AND RESULTS 


The basic material consists of 3 cases 
of T.A.P.V.C. below the diaphragm. The 


final site of drainage was the portal vein. 


* Presently, Fellow in Cardiac Radiology, Department of Radiology, University of Florida Ccllege of Medicine, Gainesville, Florida. 
Formerly, Fellow in Diagnostic Radiology, Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, 


Missouri. 


+ Presently, Professor of Radiology (Cardiac), University of Florida College of Medicine, Gainesville, Florida. Formerly, Associate 
Professor of Radiology, Mallinckrodt Institute of Radiology, St. Louis, Missouri, 
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INNOM. VEIN 







VERT. VEIN 
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LPV 


CELA 


TOTAL ANOMALOUS PULMONARY VENOUS 
CONNECTION TO INNOMINATE VEIN 
a VIA VERTICAL VEIN 
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TOTAL ANOMALOUS PULMONARY VENOUS 
b CONNECTION TO CORONARY SINUS 


Vic. 1. Schematic representation of the supra-cardiac type of total anomalous pulmonary venous connection 
(T.A.P.V.C.). (a) Most common type at the supra-cardiac level. Right and left pulmonary veins (RPV, 
LPV) form the common pulmonary (CPV) from which the so-called “vertical vein" connects with the in- 
nominate vein. As a result, all pulmonary venous blood empties into the right atrium (RA). Arrows indi- 
cate direction of flow. Blood can only reach the left heart by an atrial septal defect. (4) Another common 
type at the cardiac level. The anomalous vein, after arising from the common pulmonary vein (CPV) con- 
nects with the coronary sinus (CS). SVC superior vena cava, LA «left atrium, RV = right ventricle, and 


* 


LV « left ventricle. (From Elliott, L. P., and Schiebler, G. L., with permission of Charles C Thomas.) 


The ages were 3 days, 1 week and 3 
weeks; all cases were males. Each case 
was proven by angiocardiography and 
necropsy. An additional case of T.A.P.V.C. 
above the diaphragm will be discussed in 
the comment section to emphasize our 
findings. 

Plain Film Findings. The lungs exhibited 
a fine generalized reticulation and the heart 
was normal in size (Fig. 3, a-d; and 4, 
a-d). These findings are well known for 
this condition and have been described by 


2 5 


Fic. 2. Schematic representation of the infra or sub- 
diaphragmatic type of T.A.P.V.C. Abbreviations 
as in Figure 1. Right and left pulmonary veins 
(RPV, LPV) form the common pulmonary vein 
(CPV) a short distance above the diaphragm. An 
anomalous vein passes through the diaphragm to 
connect with the portal system. Arrows indicate 
direction of pulmonary blood flow. IVC «inferior 
vena cava. 
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luc. 5. T. A.P. V.C. below the dia ohragm in a 3 day old male. Abbreviations as in Figure 1. The 
3 = i g 3 y p 
terior (4) and lateral ( 


) chest roentgenograms show a low anterior inc 
filled esophagus owing to compression from the 
only suggestive. Venous phase of the 


posteroan- 
lentation (arrows) in the barium 
common pulmonary vein (CPV). The indentation in a is 
anteroposterior (6) and lateral (7) angiocardiograms. The CPV is 
faintly opacified. It is situated immediately anterior to the es phagus and produces the aforementioned in- 


dentations. An anomalous vein (arrows in 4) arises from the CPV , descends through the diaphragm and 
enters the portal system (PV). 














4 


L 











enous Connection 





Vot. 102, No. 2 Total Anomalous Pulmonary * 


eats! 


i 
x 
ors 

DA 


iE y aen aet e e EHI P A RANT 


UID 


VOUS ANE 
SUC dun 
ener 

ee D 


RU Hen hua 


= 


ERGA 
AT 


SU RANT 
NSPE 





hia. 4. One week old male infant with T.A.P.V.C. below the diaphragm. Abbreviations and findings as in 
4 phrag 


PV and the esophageal indentation is again demonst 











Figure 3. (2-4) The correlation between the C | 





Small hatched lines in 2 and g show the long anomalous vein descending through the diaphragm tc 
d 


the portal system (PV). The indentation in c is smaller than in Figure 3 because the CPV itself is rela 
smalier. 
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Fic. g. Venous phase of the pulmonary arteriogram 
in a case of T.A.P.V.C. above the diaphragm. The 
rght and left pulmonary veins converge to form 


the common pulmonary vein (CV). From the com- 
mon pulmonary vein venous blood is drained to 
the innominate vein via the so-called vertical vein 
(VV). Flow continues to the superior vena cava 
(SVC), right atrium, etc. Arrows denote direction 
of blood flow. 


other investigators.*> Additionally, how- 
ever, each case demonstrated a small local- 
ized indentation in the anterior aspect of 
the barium filled esophagus Just above the 
diaphragm (Fig. 3, 2 and c; and 4, 4 and c). 
This was seen in 3 of the 4 cardiac views 
except the left anterior oblique view. 
However, the lateral view was the onlv 
projection in which this sign was conclu- 
sive (Fig. 3c; and 4c). 

Angiocardiographic Findings. During the 
pulmonary venous phase of angiocardiog- 
raphy, the right and left pulmonary veins 
converged to form a wine confluence 
(common pulmonary vein) directly be- 
hind the lower aspect of the heart, im- 
mediately anterior to the esophagus (Fig. 
32,5 and dj and 4, P and g). In each case, 
the position of the common pulmonary 
vein coincided precisely with the plain 
film esophageal indentation (Fig. 3, c and 
dand ay t Amd wm anomalous vein 
arose from the venous confluence to 
course inferiorly through the diaphragm 
and connect with the portal vein. 

The venous confluence in the additional 
3 cases in whom the esophagus was not 
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outlined was located in the same position 
as the cases reported herein. The fact that 
barium study was withheld in these cases 
was doubly unfortunate, because the deci- 
sion to perform cardiac ¢ xthetereAuon was 
delayed in 2 of these cases. 


COMMENT 
Total anomalous pulmonary venous 
connection (T.A.P.V.C.) below the dia- 
phragm may mimic the more common 
respiratory diseases of the newborn in- 
fant. in this condition, the common 


pulmonary vein 1s characteristically locatec 
in the midline behind the heart and anterior 
to the esophagus. In our limited experi- 
ence, this results in a small, localized 
indentation in the barium filled esophagus. 
Casual inspection may lead the observer 
to conclude that this represents compres- 
sion by the left atrium. However, closer 
examination shows the summit of the 
indentation caused by the dilated com. 
mon pulmonary vein to be below the maxi- 
mum point of esophageal indentation seen 
usually in left atrial enlargement, 

The general tendency in some hospitals 
is to lavish barium examination on the 
sick infant with apparent congenital heart 
disease, but forego this procedure in 
infants with apparent pulmonary disease. 
Fear of pulmonary aspiration seems to be 
one of the prime reasons to forego esopha- 
geal visualization in these cases. However, 
there exists no group of patients which 
warrants contrast visualization of the 
esophagus more than the infant with 
respiratory distress, Digitalis and anti- 
biotics have vet to cure a diaphragmatic 
hernia, vascular ring, etc. 

In the preparation of this paper, it was 
our opinion that this sign occurred only in 
patients with the infra-diaphragmatic type 
of T.A.P.V.C. In the supra-diaphragmatic 
tvpe, the venous confluence occurs more 
cephalad and to the left of midline (Fig. 
5). Moreover, the patho-physiology be- 
tween the two major types are so different, 
that plain film findings usually suffice in 


distinguishing them 
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ESOS: 


Fig. 6. Six week old male with T. A.P.V.C. above the diaphragm. There is an indentation (arrows) in the low 
anterior aspect of the esophagus similar to the aforementioned cases. This is evident in the (4) postero- 


* 






anterior, (2) lateral and (c) right anterior oblique views. (7) Venous phase of a selective pulmonary arterio- 


uram. The esophageal indentation is produced by the large right pulmonary vein (RPV) as it courses across 
the midline to form a confluence with the vein draining the left lower lobe. 


Recentlv, a case which proved to be an 
unusual type of T.A.P.V.C. above the 
diaphragm showed an identical indenta- 
tion in the esophagus as in the infra- 


e 
zu e ^ 


diaphragmatic type (Fig. 6, a-c). How- 









ever, the clinical and other plain film find- 
ings did not support the diagnosis of infra- 





diaphragmatic T.A.P.V.C. As a result, 
cardiac catheterization was performed with 
several working diagnoses. Because of our 
current interest, some unusual form of 
venous anomalv was considered. 
Pulmonary arteriography (Fig. 6d; and 


a and $) demonstrated the veins drain- 
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Anteroposterior view. 
the venous confluence (VC). 
(H AV), 


join a left superior vena cava (LSVC) 
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. Same case as in Figure 6. Slightly later period in the venous phase of the pulmonary arteriogram. (a) 
(^) Lateral view. The RPV joins the left bc lobe pulmonary vein (LPV) to form 
From the VC, blood flows cephalzd via a large posterior hemiazygous vein 
In the superior posterior portion of the left ee the hemiazygous vein courses anteriorly to 
. At the site of the vent doc gas vein and LSVC, 


the left upper lobe 


vein enters also. From this point, all the pulmonary blood flews into the innominate vein (IV) via the 


LSVC. Flow continues to the right atrium via the right superior vena cava (RSV C 
The vein entering the IV in this case is a true LSVC, 


direction of blood flow. 


Arrows denote the 
1 ne than a vertical vein, be- 


cause the hemiazygous vein is connected to it. The latter is a fundamental definition of a LSVC. 


ing the entire right lung and lower lobe of 
the left lung to form a venous confluence 
behind the heart at the same level seen in 
the infra-diaphragmatic type of T. A.P.V.C. 
In contrast to the latter type, however, the 
site of Junction of these veins was to the 
left of midline (Fig. 6d). Instead, the large 
venous channel of the right lung indented 
the anterior esophagus as it coursed across 
the midline (Fig. 64). 

This case was introduced simply to 
show that esophageal indentation owing 
to anomalous venous connections occurs 
in both major types of T.A.P.V.C. The 
remaining angiocardiographic findings will 
be explained in the legend of Figure 7, a 
and 4. 

One of the important facts to be gained 
from the latter case is that atypical inden- 


tations in the esophagus of any patient 


with congenital heart disease may repre- 
sent some form of anomalous venous 
connecten., 

Lastly. it should be pointed out that 
this esophageal sign serves as one possible 
means of distinguishing T. A.P. V.C. below 
the diaphragm from other less common 
causes Of severe pulmonary venous obstruc- 
tion—conditions such as atresia of the 
common pulmonary vein, stenosis of the 
individuzl pulmonary veins, etc.‘ 


SUMMARY 


In 3 cases of T.A.P.V.C. below the 
diaphragm, the common pulmonary vein 
produced an anterior indentation in the 
lower portion of the barium filled esopha- 
gus. This occurred a short distance above 
the diaphragm, yet slightly below the ex- 
pected size of left atrial indentation, With 








E 
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further experience, this may prove to be a 
uniformally diagnostic sign, especially if 
carefully controlled barium swallow study 
is performed in all infants with respiratory 
distress. 

A rare type of T.A.P.V.C. above the 
diaphragm is reported to show that similar 
esophageal indentations are not specific 
for T.A.P.V.C. below the diaphragm. 


Larry P. Elliott, M.D. 
Department of Radiology 
University of Florida 
College of Medicine 
Gainesville, Florida 3260! 
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ANGIOGRAPHIC MANIFESTATIONS OF HYDATID 
DISEASE OF THE LIVER* 
A REPORT OF TWO CASES 


By JAMES G. McNULTY, M.B., B.Cu., B AO., D.M.R.D., F.F.R. 
LONDON, ENGLAND 


Y DATID disease (echinococcosis) is a 

disease of world wide distribution 
which frequently affects the liver. There are 
two types. The more common type is the 
unilocular hydatid disease which is caused 
by the larva of Echinococcus granulosus. 
The rarer alveolar type due to Echinococcus 
multilocularis simulates a malignant neo- 
plasm. 

This report is concerned with unilocular 
hydatid disease, in the evolution of which 
the sheep is the definite host, the dog the 
intermediate host and man the accidental 
host. Approximately 7o per cent of hydatid 
cysts are located in the liver and the right 
lobe is affected in 85 per cent of these cases.’ 
Distal organ involvement is uncommon 
when the liver is the site of hydatid cysts. 
The plain roentgenographic features of hy- 
datid disease have been well documented 
and were recently reviewed by Bonakdar- 
pour,’ 

In the liver the cysts may be single or 
multiple and vary greatly in size. Hepatic 
arteriography is an accurate preoperative 
method of confirming the diagnosis and 
locating the cysts. The angiographic ap- 
pearances in 2 cases are recorded. 

The technique used was similar to that 
described by Ödman." The celiac axis and 
superior mesenteric artery were cathe. 
terized separately and a series of antero- 
posterior and lateral roentgenograms were 
taken on a biplane film changer. 


REPORT OF CASES 


CasE 1. A 25 year old student presented with 
abdominal swelling of 6 months’ duration. 
On clinical examination there was enlargement 
of the liver extending to the iliac crest. Clini- 
cally there was no other abnormality. A clinical 
diagnosis of hydatid disease was confirmed by 
a positive Casoni skin test. The complement 


hxation test for hydatid disease was positive 
at a dil tion of 1 in 32. 

drieriygraphic Appearances. (Vig. 1, 4, B and 
C). The arterial phase showed displacement of 
the celzc axis to the left and downward dis- 
placemeat of the common hepatic artery. The 
intrahepatic arteries were markedly stretched 
and elorgated. The venous hepatogram phase 
showed a patent portal vein and 4 avascular 
areas In the liver, 2 in the right lobe and 2 in 
the left lobe. 

Four cysts were removed from the liver at 
operation. 


Case H. A 27 year old woman presented with 
abdominal swelling of t: months’ duration. 
Clinically there was no abnormality apart from 
marked enlargement of the liver. The Casoni 
skin test and the complement fixation test for 
hydatid disease were positive. 

Ariericgraphic Appearances (Fig. 2, A, B and 
C). The arterial phase showed stretching and 
elongaticn of the intrahepatic arteries around 
the cysts. The venous hepatogram phase 
showed a patent portal vein and s avascular 
areas in the hepatic parenchvma. The out- 
line of each cyst was clearly defined by contrast 
medium passing between the hvdatid mem. 
brane-and the pericystic layer in the venous 
hepatogram phase—a phenomenon which has 


been previously described at percutaneous 
transplenmic portal venography in hydatid 


disease? »ut not at arterioportography. 
Five cysts were removed from the liver at 
operation, 


DISCUSSION 


A survey of the literature in the English 
language reveals no previous reports of the 
arteriographic features of hydatid disease 
of the liver. Morino" reported the angio- 
graphic andings in 2 cases in the Italian 
literature. 

At heratic arteriography avascular areas 
in the liver may be due to: 


* From the Department of Diagnostic Radiology, St. Thomas’ Hospital, Londen, S.E.1, England. 
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(1) Anomalous origin of the hepatic 
arteries from the aorta, lett gastric or 
superior mesenteric artery." Hence, 


( 


t2 


) 


in investigating space occupying 
lesions of the liver it is always neces- 
sary to catheterize both the celiac 
axis and superior mesenteric arterv, 
either successively or simultaneously. 
Congenital polycystic disease of the 
liver. This condition is associated 
with polycystic disease of the kid- 
nevs in approximately so per cent 
of cases. The arterial phase may be 
similar to that seen in multiple 
hydatid cysts, but the characteristic 
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luc. 1. Case 1. Selective celiac axis 
arteriograms. (4) Arterial phase, 
demonstrating stretching and elon- 
gation of the intrahepatic arteries. 
(B) Venous hepatogram phase. 
This shows displacement of the 
intrahepatic portal radicles by 
the cysts. Two avascular areas 
in the right lobe with dense mar- 
gins due to contrast medium be- 
tween the cyst membrane and the 
pericystic layer and 2 smaller 
cysts are seen in the left lobe of 
liver. (C) Lateral projection arte- 
rial phase, showing displacement 
cf the intrahepatic arteries around 
the cysts. 


appearance of contrast medium be- 
tween the hydatid membrane and 
the pericystic laver 1s not seen." 
Hematoma of the liver may present 
as an avascular area which may be 
accurately delineated by hepatic 
arteriographv.! The source of bleed- 
ing, such as an aneurvsm or a severed 
arterv, mav be demonstrated. 

A post-traumatic liver cyst, occur- 
ring several months after an ab- 
dom:nal injury, may present as an 
avascular area in the liver.? 

Solitary cvsts including lymph cysts, 
dermoids, endothelial and solitary 
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(6) 


James 


etention cysts may present ; iS avas- 


re areas at arteriography. These 
are gener lly located on the antero- 
inferior aspect of the right lobe of 
the liver.’ 

Liver abscess. Both pyogenic and 
amebic abscess may present as an 
avascular area in the liver. The wall 
of the ee may be opacified dur- 
ing the hepatogram phase due to the 
increased bod supplv.? The abscess 
wall is usuallv thicker and less regu- 
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Fic. 2. Case u. Selective. celiac 
axis arteriograms. (£) Arterial 
phase, demonstrating marked 


stretching of the 
arteries. around the 
Venous hepatogram phase. 
shows § 
i 


ntrahepatic 
cysts. DA) 
This 
avascular areas in the 
iver, 3 1n the right lobe and 2 
in the left lobe. The character- 
istic feature of contrast medium 
distribution between the cyst wall 
and the pericystic layer is better 
demonstrated than in Case r. 
(C) Lateral projection. showing 
arterial displacement around the 
CYSTS, 


f 


* 


lav than that found in five iis- 
ease. The arteriographic appearances 

of chronic liver abscess may mimic 
closely a necrotic tumor, as 1n other 
areas of the body such as the kidney 

ard brain. The history and clinical 
findings will usually differentiate the 
two possibilities. 

Hepatic metastases, while usually 
exhibiting pathologic vessels, may 
present as avascular areas 1f the 
tumor outgrows 1ts blood supplv and 
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central necrosis occurs. Hepatic me- 
tastases from adenocarcinoma of 
pancreas, lung, gallbladder and 
esophagus were noted to be av ascular 
by Nebesar, Pollard and Stone.” 
Hydatid cysts. A solitary hvdatid 
cyst may mimic any of the conditions 
listed, and if contrast medium 1s not 
seen between the cyst membrane 
and the pericystic layer during the 
hepatogram phase of the examina- 
tion, it may not be possible to con- 
firm the diagnosis at arteriography. 
With multiple hydatid cysts, the 
hepatogram phase of the examina- 
tion is diagnostic and distinguishes 
the condition from polycystic disease 
of the liver. 


(8) 


SUMMARY 


The diagnostic features of multiple hyda- 
tid cysts of the liver at selective arteriog- 
raphy are described. Two cases were ex- 
amined by selective celiac axis and superior 
mesenteric arteriography. Multiple hyda- 
tid cysts in the liver produce stretching and 
elongation of the intrahepatic arteries in 
the arterial phase, and avascular areas in 
the hepatogram. Contrast medium dis- 
tribution between the cvst wall and the 
pericystic laver in the venous hepatogram 
phase distinguishes the hydatid cysts from 
other causes of avascular areas in the liver 
at arteriography. The differential diagnosis 
includes: congenital polycystic disease of 
the liver, avascular metastatic deposits, 
hematoma of the liver, post-traumatic liver 
cysts, solitary nonparasitic cysts and pyo- 
genic and amebic liver abscesses. 

Department of Diagnostic Radiology 
St. Thomas’ Hospital 

London, S. E. 1 

England 
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AN ANGIOGRAPHIC SIGN DEMONSTRATING 
EXTENSION OF RENAL CARCINOMA INTO 
IHE RENAL VEIN AND VENA CAVA* 


By ERNEST J. FERRIS, 


and JOHN V. 


M.D., 


MORTON A. BOSNIAK, M.D., 
O'CONNOR, 


M.D. 


BOSTON, MASSACHUSETTS 


“VARCINOMA of the kidney is the most 

4 frequent malignancy associated with 
inferior vena cava occlusion; While in 
some instances the occlusion is non-neo- 
plastic, the great majority of vena caval 
obstructions with hypernephromas are 
actually tumor thrombi. The usual mecha- 
nism is extension of tumor from an involved 
renal vein into the lumen of the inferior 
vena cava. Occasionally, the vena cava is 
invaded directly by a renal carcinoma? 

With the advent of renal angiography, 
the diagnosis of renal carcinoma has been 
made a relatively simple and an extremely 
accurate procedure. Even the diagnosis of 
renal vein occlusion may be inferred angio- 
graphically by observing failure of opacifica- 
tion of the renal vein or by visualizing 
venous collateral channels.! Involvement of 
the inferior vena cava is verified, as a rule, 
bv vena cavagraphy. 

Recently we have seen 6 cases of car- 
cinoma of the kidney massively extending 
into the renal vein and inferior vena cava. 
In 5 of them an unusual striated vascular 
pattern was noted on selective renal angi- 
ography and we believe that this 1s a sign 
indicating the extension of renal carcinoma 
into the renal vein and vena cava. 


REPORT OF CASES 


Case 1r. D.U. 2054502, a 46 year old white male 
entered the Boston City Hospital complaining 
of weight loss and fullness in the abdomen. 
Physical examination revealed a huge right 
flank mass. Urinalysis disclosed microscopic 
hematuria. 

Intravenous pyelography: (Fig. 1.7)—a large 
mass in association with a poorly functioning 
kidney was seen. 


Renat angiography: (Fig. 1 5)—there was a 
huge vascular neoplasm of the right kidney 
with no filling of the renal vein during the 
venous phase. A striated pattern of vessels 
located over the upper pole of the kidney at the 
level of the renal vein was noted. This pattern 
was better visualized when angiography was 
performel after 10 ug. of epinephrine was 
injected into the renal artery. These vessels 


appeared in the arterial filling phase and 
persisted. through the capillary and venous 
phase of zhe angiogram. 

Inferier vena cavagraphy: (lig. 1C)-—com- 


plete obstruction of the vena cava was seen. 
Surgery: At surgery, a huge hypernephroma 

was found completely obstructing the renal 

vein with associated tumor thrombus in the 


vena cava. 
CASE LW. 2052184, a 7o year old white 
female entered E Boston City Hospital 


complaining of weight loss and a fullness in the 
abdomen. On physical examination a large 
right upper abdominal mass was palpated. 


Urine examination showed grossly bloody 
urine, 
Intravenous — pyelography: — (Vig. 2.1) — 


although the right kidney showed good func- 
tion, a 10 cm. mass with distortion of the 
collecting system was seen in the lower pole. 

Renal angiography: (Vig. 2B)-~-there was a 
large vascular neoplasm occupying most of 
the lower pole of the right kidney. A striated 
vessel pattern at the upper pole, renal vein 
level, similar to the first case was observed. 
This was seen more clearly when arteriog- 
raphy was performed after the injection of 10 
ug. of epinephrine (Fig. 2C). There was no 
visualization of the renal vein in spite of the 
large volume of contrast material (20 cc.) 
injected into the renal artery. 

Inferior vena cavagraphy: (Vig. 2D)-— 
tumor thrombus was seen, 


a huge 
occupving the 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 26-29, 1967. 
From the Department of Radiology, Boston City Hospital, Boston, and the Departments of Radiology, T ies and Boston University 


Schools of Medicine, Boston, Massachusetts. 
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Fic. 1. Case 1. (4) Intravenous pyelogram: 
a poorly functioning right kidney 1s seen 
with a mass distorting the collecting sys- 
tem. (B) Renal angiogram: a huge vascu- 
lar tumor occupies the lower pole of the 
nght kidney. A striated pattern of vessels 
overlying the upper pole at the level of 
the renal vein is noted (arrows). (C) In. 
ferior vena cavagram: there 1s complete 
obstruction of the inferior vena cava from 
the fourth lumbar vertebra (arrow) to the 
hemidiaphragm. 
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F16. 2. Case ir. (4) Intravenous pyelogram: there is gross distortion ef the collecting system with a large mass 
occupying the mid and lower third of the kidney. (B) Renal angiogram: the vascular renal tumor is well 
seen. The striated vessel pattern as in Case 1 is shown by arrows. (C) Renal angiogram: after 10 ug. of 
epinephrine has been injected into the renal artery, the striated vessel pattern is seen more clear! y (arrows). 


(D) Interior vena cavagram: a huge tumor thrombus (arrows) is seen extending up to the right atrium. 
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Fic. 3. Case ni, (<) Renal angiogram: there is a vascular tumor occupy ing the central portion of the kidney. 
The striated vessel pattern (large black arrows) is not as well seen as in the first 2 cases. À lumbar artery 


(short arrow) lies behind the striated vessels. 
extends from the renal vein up to the right atrium. 


mid and upper third of the vena cava, and 
extending up to the level of the right atrium. 

Due to the patient's poor general clinical 
status, surgery could not be performed and she 
died in 3 weeks. Postmortem examination was 
not obtained. 


Case ur. G.J. 60369, a 66 year old white male 
entered University Hospital with gross hema- 
turia. Physical examination disclosed a right 
flank mass. 

Intravenous pyelography :-~the collecting sys- 
tem of the right kidney was not 2 e 

Renal angiography: (Vig. 34)-~a vascular 
tumor of the kidnev with absence of Alling of 
the renal vein was detected. The striated vessel 
pattern in the region of the renal vein and 
vena cava was noted although not as clearly as 
in the first 2 patients. This may be related to 
the poor quality of the angiogram in this case. 

Inferior vena cavagraphy: ( (Fig. 3B8)—a huge 
thrombus was present in the vena cava ex- 
tending from the level of the renal veins up to 
the right atrial junction, 

Surgery: À huge hypernephroma with tumor 
thrombus filling the renal vein and vena cava 


( B) Inferior vena cavagram: caval tumor thrombus (arrows) 


was partially resected. The renal capsule and 
perirenal fat were both invaded with tumor. 


Case Iv, S.A. 2038102, a 46 year old white male 
entered the Bostón City Hospital with hema- 
turia. A mass in the left flank was felt on 
physical examination. 

Intravenous pyelography: (Vig. 44)-~there 
was function of the left kidney. A lower pole 
mass with amputation of the middle and lower 
calyces was seen, 

Renal angiography: (Vig. 4B)--a vascular 
tumor almost completely replacing the mid 
and lower portion of the left kidney was demon- 
strated. There was no filling of the renal vein. 
At the renal vein level, a linear striated pat- 
tern was seen. 

Inferior vena cavagraphy: (Vig. 4C)—the 
vena cava was occluded at the level of the 
left renal vein. The thrombus extended up to 
the right atrium. 

Surgery: A radical left nephrectomy for 
hy oier ona of the kidney was performed. 
There was extension of tumor thrombus into 
the renal vein and vena cava. 
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NEM  — 1M S — — c 0 3 Fic. 4. Case iv. (4) Intravenous pyelo- 
o E E gram: a lower pole mass in association 
with « poorly functioning kidney is seen. 


(B) Renal angiogram: almost all of the 
kidner is involved by a vascular tumor. 
Striared vessels are seen at the renal vein 


level arrows). (C) Inferior vena cav: 
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gram: intracaval thrombus originating 


at the renal vein level (arrow) is seen. 
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Case v. W.B. 2038870, a 60 year old white 
male entered the Boston City Hospital with 
hematuria. Physical examination disclosed a 
right flank mass. 

Intravenous  pyelography: (Vig. $.4J)—there 
was no function of the right kidney. The renal 
contour was lobulated and the lower pole 
bulbous. 

Renal angiography: (Vig. ¢B)-~a vascular 
neoplasm was seen. On the delayed roentgeno- 
grams, the renal vein was not visualized. 

Inferior vena cavagraphy: (Vig. ¢C)---a huge 
thrombus of the vena cava almost completely 
obstructing the lumen was seen. 

Surgery: At operation it was verified that 
the hypernephroma had extended into the 
renal vein and inferior vena cava. 


Case vi. L.B. 2079852, a 48 year old white 
female entered the Boston City Hospital with 
hematuria and anasarca. Physical examination 
showed massive ascites. 

Intravenous pyelography: There was a faint 
concentration of contrast material present 1n 
the upper collecting system. 

Renal angiography: (Fig. 671)—a huge vas- 
cular tumor of the left kidney was apparent. 
A linear confined pattern of vessels conforming 
to the position and contour of the left renal vein 
and vena cava was seen (arrows). 

Inferior vena cavagraphy: (Fig. 6B)--a huge 
tumor thrombus was seen in the vena cava. 
The vessels to the right of the spine on the 
renal angiogram (Fig. 6.7) correspond to thecon- 
tour and location of the defect in the vena cava. 
Comment: This is essentially a more definitive 
demonstration of Case Iv, 


DISCUSSION 





vê found that 35 of £1 cases of vena 
caval occlusion. secondarv to renal car- 
cinoma originated from the right renal 
vein, perhaps due to its shorter length. In 
our cases, 4 were on the right and 2 on the 
left side. 

The diagnosis of renal vein occlusion with 
à hypernephroma is suggested by a non- 
functioning kidney on intravenous pyelog- 
raphv.? According to Boijsen and Folin,! if 
10 cc. or more of contrast material is used 
in selective renal angiography, the renal 
vein should be opacified on the venous 
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phase of the study. It follows therefore that ~ 
failure of opacification of the renal vein- 
under these circumstances may indicate 
that either intraluminal obstruction or ex- 
trinsic compression of the renal vein has 
occurred. 

The linear striated vessel pattern noted 
in the renal angiogram appeared to be con- 
fined to the anatomic position of the renal 
vein and vena cava in each case. Verifica- 
tion of tumor thrombus in the renal vein 
and vena cava conforming to this striated 
pattern was made roentgenographicallv or 
surgically. We therefore believe that the 
striated pattern of vessel flow demonstrated 
in this report is due to supply of the intra- 
luminal tumor by vessels originating in the 
kidney. This correlates with a case demon- 
strated by Kahn,? who in presenting mate- 
rial on the epinephrine effect in selective 
renal angiography demonstrated a case 
identical to Case 1v in our series. He be- 
lieved that the pattern represented "tumor 
vessels" supplying tumor in the renal vein. 
This was confirmed at surgery to be within 
tumor growing along the renal vein into the 
inferior vena cava, 

This vascular striated pattern was best 
demonstrated when epinephrine in the 
doses of 10 ug. had been used prior to angi- 
ography in order to better study the renal 
neoplasm. The use of epinephrine decreased 
flow into normal vessels and direc ted most 
of the contrast material into “tumor 
vessels." We suspect that with the more 
widespread use of epinephrine in renal 
angiography, better delineation of the 
blood supply of renal vein and vena caval 
tumor extension will be more frequently 
seen. 

The reason for visualization of the kid- 
ney on intravenous pyelography in 4 of the 
cases, even with extensive tumor Involve- 
ment of the renal vein, is not clear. Col- 
lateral circulation was not seen in any of 
the cases. Possibly the tumor thrombus 
did not completely occlude the lumen of the 
vein and also possibly some drainage of the 
kidney was facilitated by the increased 
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hic. g. Case v. C7) Intravenous pyelogram: there is no function of the nght kidney.’ 
bous. (A) Renal angiogram: the kidney has almost been compl 
pernephroma. No striated pattern of vesse 
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Vic. 6. Case vt. (4) Left selective renal angiogram in 
the capillary phase shows a tubular confined pat- 
tern of vessels (arrows) corresponding to the posi- 
tion and contour of the renal vein and vena cava. 
(B) Inferior vena cava study illustrates a huge 
filling defect in the vena cava with obstruction 
(arrow). The vessels, seen on the angiogram to the 
right of the spine in £, can be superimposed over 
the tumor thrombus on the vena cava study. 
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blood flow to the intracaval tumor. It is 
interesting to note that nonvisualization on 
intravenous pvelography occurred in the 
one case in which the striated vessel pat- 
tern was not seen and 1n another in which 
the pattern was poorlv seen. 

Another possible explanation for the 
striated vessel pattern was considered. 
This was opacification of collateral venous 
drainage (to the azvgos system via adrenal 
veins). However, on the basis of pathologic- 
roentgenologic correlation in these cases, 
we feel this unlikely, although not com- 
pletely excluded in some cases. 


SUMMARY 


Six cases of renal carcinoma with mas- 
sive extension into the renal vein and infe- 
rior vena cava are reported. In 4 cases the 
right kidney was involved and in 2, the 
lett. 

A striated vascular pattern was noted on 
renal angiography in 5 of the 6 cases. The 
pattern was particularly well seen when 
epinephrine had been used as a part of the 
angiographic study. It is believed that this 
striated vessel pattern represents vascular 
supply of tumor extension confined to the 
renal vein and vena cava, 


Ernest J. Ferris, M.D. 
Department of Radiology 
Boston City Hospital 

8:18 Harrison Avenue 
Boston, Massachusetts 02118 
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BROOKLYN, 


HE collateral arterial circulation in 

the pelvis has been described in 
remarkable detail by the classical anat- 
omists, without benefit of angiography Or 
injection-corrosion techniques.? These col- 
lateral channels have been demonstrated to 
account for perfusion of structures distal 
to arteriosclerotic vascular occlusions.24 
In the course of ligating the internal iliac 
arteries and their branches in women under- 
going pelvic surgery, we have noted, 
on postoperative angiography, that these 
same collateral channels function soon 
after surgery. Similar findings have been 
noted following traumatic occlusion. 


MATERIAL AND METHOD 


Fifteen. women with carcinoma of the 
cervix uteri underwent ligation of major 
pelvic vessels, either in the course of 
radical hysterectomy or as a means of 
controlling bleedi ling. Two patients had a 
common iliac artery severed bv a bullet, 
one child had an iatrogenic occlusion of a 
superficial femoral artery at cardiac 
catheterization, and one had numerous 
vascular divisions in an attempt at extir- 
pation of an hemangioma of the buttock. 

All patients were studied by means of 
transfemoral percutaneous — catheteriza- 
tions of the Seldinger type, with the 
exception of one patient examined by 
means of translumbar aortographv. Injec- 


tions were made with the catheter tip 
passed into the lower abdominal aorta 


(the end hole being occluded in some cases). 
Fifty cc. of sodium diatrizoate/methyl- 
glucamine diatrizoate* were injec ted under 
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-Sketch of pertinent pelvic anatomy. Abbrevi- 
ations in eee and illustrative angiograms: C 
7 common trunk of obturator and inferior epigas- 


Fig, 


tric arteries; CF «common femoral artery; DCI 
=< deep ibac circumflex artery; DF = deep rema 
artery; FI = external iliac arter y; IE inferior epi- 
gi itio» artery; [G = inferior PN artery; [ID in. 
ternal iliac artery; IL «iliolumbar artery: IND: 
ferior mesenteric artery; IP «internal püdend: d ar- 
tery; LEC «lateral (eaa circumflex artery; L- 
[y Er h lumbar artery; L-V = fifth limbs gb 
tery; L5-lateral sacral artery; MFC e medial 
femoral circumflex artery; MS «middle sacral 
artery; OBT) ) = obturator artery; PL Sheet perf- 
orating artery; SF superficial femoral artery; 

SH = superior Renu heide! artery (of inferior 
mesenteric artery); V=point of ligation. 


a pressure of 300 pounds per square inch 
with the Corn injector during filming 
in the frontal projection at the rate of 2 

frames per second with either the Ed: 
ander or the A flm changer. 


t Present address: Presbyterian-Univ ersity of Pennsylvania Medical Center, Philadelphia, Pennsylvania. 
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Preoperative studies were available in 
some cases. Serial roentgenograms were 
examined to determine which collateral 
channels accounted for flow in each case. 
Figure 1 is a sketch of the major pelvic 
arteries. 


REPORT OF CASES 


Case 1r. R. O., a 34 year old woman, under- 
went a modified radical hysterectomy on 
August 20, 1964, for carcinoma in situ ot the 
cervix. Bilateral internal iliac artery ligations 
were performed incident to the procedure. A 
preoperative pelvic arteriogram demonstrated 
normal flow (Fig. 2.7). A repeat angiogram per- 
formed 8 days following surgery (Fig. 25) 
demonstrated ligation of both internal iac 
arteries. This study showed early filling of the 
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medial femoral circumflex—obturator anasto- 
mosis and an increase in caliber of these 
vessels, as well as of the middle sacral and infe- 
rior mesenteric arteries. One second later, 
(Fig. 2C), the entire internal iliac artery was 
seen to be filled. 


Case i. L. K., a 49 year old woman, under- 
went radiation therapy 1 in November 1963 for 
a Stage iv carcinoma of the cervix. Bilateral 
ligations of the internal iliac, uterine, superior 
vesical and vaginal arteries were performed on 
May 31, 1964 to control bleeding. Angiography 
Was pertormed approximately 3 weeks later. 


An angiogr ram made 1.5 seconds following onset 
of injection demonstrated ligation of both in. 
ternal iliac arteries with sparing of the iliolum- 
bar arteries (Fig. 3.7). The middle sacral artery 
was larger than normal and flow occurred in a 


Fic. 2. Case 1. (4) Preoperative pel- 
vic arteriogram demonstrating nor- 
mal anatomy. (B) Postoperative 
angiogram taken 1 second after on- 
set of injection. Both internal 
iliac arteries have been lgated at 
€X” Filing is seen at this early 
stage in the medial femoral circum- 
flex obturator anastomosis. There 
is increased caliber of these vessels 
and of the middle sacral and infe- 
rior mesenteric arteries. (C) An- 
giogram 1 second later shows 
complete filling of both internal 
iliac arteries and their branches. 
In all illustrations the unbroken 
arrowed lines indicate flow in nor- 
mal antegrade direction. The bro- 


ken arrowed lines indicate retrograde flow in response to altered hemodynamics. 





Case ir. (/7) An angiogram taken 1.5 seconds 
post injection shows bilateral internal iliac artery 


FiG. 3. 
ligation at "X" with sparing of the iliolumbar ar- 
teries, widening of the middle sacral artery with 
retrograde filling from the middle sacral to the 
lateral sacrals. A common trunk of the right infer- 
ior epigastric and obturator arteries is present. 
(B) Angiogram 1 second later shows additional 
hlling of right internal iliac artery via a functioning 
anastomosis between the deep iliac circumflex and 
superior gluteal arteries. 


retrograde fashion from the middle sacral to 
the lateral sacral arteries with filling of the 
internal iliac arteries. À frequent variant, a 
common trunk of the inferior epigastric and 
obturator arteries was present on the right. 
An angiogram made 1 second later (Fig. 3B) 
showed a functioning anastomosis between the 
deep circumflex iliac artery and the superior 
gluteal artery on the right. On the left, flow 
from the last lumbar artery aided filling of the 
superior gluteal artery. 


Case ut. C. R., a 39 year old woman, under- 
went a radical hysterectomy with bilateral 
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internal iliac artery ligation for Stage 1 carci- 
noma of the cervix in October 1963. Arteri log- 
raphy wzs performed in June 1964. A film ex- 
posed I second tollowing the onset of injection 

(Fig. 4:7; demonstrated catheter dissection of 
d nght external and common iliac arteries, A 
wide area of lucency visible between the opaci- 
fied catheter and the contrast material within 
the right common iliac artery represented dis- 
sected intima. Flow in the iliac arteries on this 
side was poor as a result. On this ar teriogram 
both iltalambar arteries can be seen to fill in 
retrograde fashion through the last lumbar 
arteries. he middle sacral artery was enlarged 
in caliber. Arteriogram (Fig. 4B) ) made 1 second 
later, demonstrated further fling of the in. 
ternal iliac arteries via the middle—lateral 
sacral artery anastomoses. On the left, the 
medial femoral circumflex-—obturator artery 
anastomosis added to the internal iliac artery 
filling. Or the right, however, because of non- 
filling of the external iliac artery, the direction 
of flow wes obturator—medial femoral circum- 
Hex artery maintaining flow in the femoral 
artery. 

in an attempt to assess the damage to the 
right external and common iliac arteries, the 

catheter was removed from the right side and 

passed percutaneously through the left femoral 
artery to a point above the iliac bifurcation. 
Arteriogram (Fig. 4C) made 2 seconds follow- 
ing the orset of injection, showed nonfilling of 
either external or common ili iac artery. This 
was probably due to intimal damage by the 
catheter and spasm on the right, and to spasm 
alone on the left. On the right, the femoral 
artery continued to fill via the last lumbar 
iiolumbar- internal Dt m Uu e 
femoral circumflex collateral system. This 
same series of anastomoses now functions on the 
left as weil, representing a reversal of medial 
femoral «ircumflex—obturator flow demon- 
strated in Figure 48. 

One week later, an intravenous pelvic arterio- 
gram (Fig 4D) demonstrated the situation on 
the right t» be unchanged. There still appeared 
to be complete occlusion of the distal portion 
of the right external iliac artery with peripheral 
perfusion accomplished via the aforementioned 
anastomoses. On the left, spasm had relented 
and the anastomoses demonstrated in Figure 
4D now ‘anction. The patient was asympto- 
matic throughout this period and had equal 
and adequate femoral pulses. 





Fic. 4. Case us. G4) Arteriogram made 1 second after onset of injection shows catheter dissection of the right 
external and common iliac arteries with resultant poor flow. The iholumbar arteries fill via the last lumbar 
arteries. (B) One second later there is further filling of both internal iliac arteries via the middle sacral 
lateral sacral anastomoses. On the left, the middle femoral circumflex —obturator anastomosis adds to 
internal iliac filling. On the right, however, because of nonfilling of the external iliac arteries, the direction 
is obturator —^medial femoral circumflex, thus maintaining flow in the femoral arteries. (C) In an attempt 
to assess the damage to the right external and common ibac arteries, the catheter was removed from the 
right side and passed through the left femoral artery to above the iliac bifurcation. This film exposed 2 
seconds after injection shows nonfilling of either external iliac-common iliac system. On the right side this 18 
probably due to intimal damage by the catheter plus spasm and on the left to spasm alone. Now both 
femoral arteries fill via the last Jumbar--iliolumbar—internal iliac—obturator— medial femoral circumflex 
collaterals. Note that this constitutes a reversal of flow in the obturator —medial femoral circumflex on both 
sides as compared with the normal. (D) An intravenous pelvic arteriogram made 1 week later shows that 
the situation on the right is unchanged, with the spasm on the left having relented. The patient was 
asymptomatic throughout with palpable pulses bilaterally. 
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Case iv. A. J., a 29 year old woman, sus- 
tained a gunshot wound of the abdomen, Ex- 
ploration revealed complete severance of the 
left common iliac artery. An end-to-end anas- 
tomosis was performed. Subsequently, left 
sided pulses diminished in amplitude, although 
they remained faintly palpable. An angiogram, 
made 1 second following injection demonstrated 
nonfilling of the left pelvic vessels (Fig. 5.4). 
The inferior mesenteric artery with its superior 
hemorrhoidal branch, and the last lumbar 
artery on the left were enlarged in caliber. An 
angiogram (Fig. ;B) made 1 second later, 
demonstrated filling of the internal iliac artery 
on the left via several collateral routes: the 
right lateral sacral artery flowed into the left 
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Ic. 5. Case tv. (4) This study was performed after 
end-to-end anastomosis of a traumatically sev- 
ered eft common iliac artery. An angiogram 
taken 1 second after onset of injection demon- 
strates spontaneous occlusion of the anastomosis 
with nonfilling of the left iliac artery. (B) A film 
exposed 2 seconds following the onset of injection 
shows left internal iliac artery filling via the nght 
latera. sacral—left lateral sacral, last lumbar 
—iltehumbar collaterals. Particularly well shown 
1s the superior hemorrhoidal (inferior mesenteric) 
-mkidle hemorrhoidal anastomosis. Note filling 
of the deep iliac circumflex artery via the last 
lumbar— iliolumbar twigs. (C) Four seconds after 
onset of injection the left internal iliac branches 
are well filled via the above mentioned anasto. 
moses. In addition, the external iliac and femoral 
arteres are faintly opacified via the deep iliac 
circumflex artery. 





lateral sacral artery; the last lumbar artery on 
the left anastomosed with the iliolumbar 
artery; the superior hemorrhoidal artery, a 
branch of the interior mesenteric artery, filled 
the middle hemorrhoidal artery; the deep cir- 
cumflex iliac artery was faintly opacified via 
last lumbar—iliolumbar anastomoses. In an 
arteriogram, made 2 seconds later (Fig. sC), 
the internal iliac artery branches were seen to 
be well f led via the anastomoses named above. 
The external iliac artery and the femoral artery 
were faintly opacified via the deep circumflex 
iliac artery. 


Case v. H. M., a 49 year old woman, under- 
went radiation therapy for carcinoma of the 
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cervix, Stage 1v in July 1963. Bilateral internal 
iliac artery ligation was performed in March, 
1964 to control bleeding. Arteriography was 
performed 28 days later. A film exposed, 1 
second following the onset of injection (Fig. 
6.4) demonstrated bilateral ligation of the 
common trunks of the internal iliac arteries, 
The middle sacral artery was enlarged in diam- 
eter, There was a common origin of the inte- 
rior epigastric and obturator arteries on the 
right. The inferior epigastric and obturator 
arteries arose independently on the left. Filling 
of the left obturator artery in a direction oppo- 
site that of normal flow occurred via the medial 
femoral circumflex—obturator anastomosis. An 
arteriogram made : second later (Fig. 65) 
demonstrated, on the right, filling of the infe- 
rior gluteal artery via a lateral branch of the 
medial femoral circumflex artery and filing of 
the lateral sacral arteries 1n a direction opposite 
normal flow via anastomoses with the middle 
sacral artery. On the left, there was further 
filling of the obturator artery via a medial 
branch of the medial femoral circumflex artery, 
and filling of the superior gluteal artery via the 
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Case vr. D. G., ag year old girl, entered the 
hospital with an hemangioma of the buttock. 
A preoperative angiogram (Lig. 7.7) demon- 
strated abnormal pooling of contrast material 
in the soft tissue of the left buttock. The 
hemangioma appeared to be fed predominantly 
by the inferior gluteal artery. In an attempt to 
diminish perfusion of this lesion prior to surgi- 
cal removal, the internal i1hac artery was 
divided at its origin. A film exposed on the 
operating table immediately following division 
(Vig. 7 B) demonstrated that the hemangioma 
continued to fill well via this same inferior 
gluteal artery. The anastomoses which ac- 
counted for filing of this vessel could not be 
identifed since this surgical angiogram was 
not made with serial filming. However, the 
lateral femoral circumflex artery had increased 
in caliber as compared with Figure 7.7 and 
appeared to perfuse the lesion. At this time, the 
last lumbar artery, the medial and lateral 
femoral circumflex arteries, and the middle 
sacral artery were all divided. A second opera- 





ic. 6. Case v. G4) Arteriogram made 1 second following the onset of injection, demonstrates bilateral liga- 
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tion of the common trunks of the internal iliac arteries at " X," an increase in diameter of the middle sacral 
artery and a common origin of the inferior epigastric and obturator arteries on the right (a frequent an- 
atomic variation). Filling of the left obturator artery occurs in a direction opposite that of normal flow via 
the medial femoral circumflex-obturator anastomosis. (B) Arteriogram made 3 seconds after the onset of 
injection demonstrates on the right that there is filling of the inferior gluteal artery via lateral branch of the 
medial femoral circumflex artery and that filling of the lateral sacral arteries is in a direction opposite that 
of normal flow via anastomoses with the middle sacral artery. On the left, there is further filling of the 
obturator artery via the medial branch of the medial femoral circumflex artery. In addition, there is filling 
of the left superior gluteal artery via reverse flow from the lateral femoral circumflex artery. 
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IG. 7. Case vi. (4) This preoperative angiogram demonstrate 








s normal anatomy ond pooling of contrast ma- 
terial in the soft tissues of the left buttock, representing an hemangioma fed predominantly by the inferior 
gluteal artery. (B) An operative angiogram mad i 


immed 
in an attempt to diminish the blood supply of the le 
terior gluteal artery as before | 





— 


n 


ately after division of the left internal iliac artery 
sion. The hemangioma conrmue 








H 


s to fill well via the in- 














igation. The anastomoses filling the internal iliac artery are not identified: 
however, there is increased caliber of the lateral femoral circumflex artery which is probably now a major 
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tive angiogram demonstrated continued perfu- tained following spasm or occlusion of the 

sion of the lesion. Further surgical intervention external. and common iliac arteries, and 

was abandoned. A pelvic angiogram (Fig. 7C) we suggest that such occurrences following 

made 1 week following surgery demonstrated transfemoral catheterization may be more 
filling of the left tholumbar artery via the fourth common than suspected. 


imbar artery. The left lateral sacra! arteries 
lumi T = - > It should be emphasized that all the 


flled via the right lateral sacral arteries. : ; | = 
Fe ee one yee patients in this series were below the age 
Branches of the internal ihac artery, including 
of 49 years and may be assumed to have 


the inferior gluteal artery, continued to fill. A = 
late angiogram demonstrated continued good had normal arteries. No patient was 





opacification of the hemangioma (Fig. 777). hypertensive. It is not suggested that 
sudden occlusion of arteriosclerotic vessels 
dd would have similar results. 


We have attempted to demonstrate 
the major anastomotic channels function- A l a . 
ing following various pelvic arterial liga- Nineteen patients ranging ecd from 9 
tions and occlusions. Our demonstrations tO 49 Years were subjected to pelvic angiog- 
are restricted to: those-ehannelsawhidh.on. fauphy folownie mternal-or common: mat 
sequential angiograms can be shown sig. artery occlusion. None of those patients 

c h ; PE! ah, . : 4 & 
not discussed those, which, although  #5¢- l . 
demonstrated, appear not to be of hemo Roentgenographic demonstration of the 
m ah. 45 [4 IL’ a x m ^ eer ` 
dynamic significance. We have demon. major arterial anastomoses is presented. 
strated in Cases mr and vi that these The anastomoses shown are: 


anastomoses will function zmmediately fol- 1. Last lumbar—iliolumbar 

lowing occlusion, and also in Case vi 2. Lateral sacraleolateral sacral 

the futility of attempting to notably 3. Middle sacral—lateral sacral 

s d flow to an hemangioma in this 4. Superior hemorrhotdal —^middle 

area. In each case one main anastomotic hemorrhoidal 

ae appears to be responsible for most s. Medial femoral circumflex infe- 

of the perfusion distal to the point of rior gluteal 

ligation. The same system is not neces- 6. Medial femoral circumflex 0b- 

sarlv operative bilaterally in the same turator 

patient. However, measurements of blood 7. Lateral femoral circumflex—supe- 

flow and blood pressure demonstrate that rior gluteal 

internal iac artery ligation controls pelvic 8. Deep iliac circumflex superior glu- 

hemorrhage by markedly reducing the teal 

pressure and flow in the visceral branches 9. Deep ihac circumflex—external iliac 

of the arterv.! It is clear, nevertheless, that to. Last lumbar—superior gluteal 

there is continued flow distal to ligation. 11. Last lumbar-»deep ihac circum- 
We have demonstrated, in Cases mm flex 

and iv, that femoral flow mav be main- 12. Tholumbar-deep iliac circumflex. 


feeding vessel. Following this angiogram, ligation of the middle sacral, fifth lumbar and medial and lateral 
femoral circumflex arteries failed to reduce tumor vascularity. (C) Pelvic angiogram 1 week after surgery 
demonstrates filling of the left iliolumbar artery via the fourth lumbar artery and of the left lateral sacral 
arteries via the right lateral sacral arteries despite division of the middle sacral artery at its origin (1). 
Branches of the internal iliac artery ligated at (2), including the inferior gluteal artery, fill. (D) The heman- 
gioma continues to be perfused in a late arterial phase. 
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THE DEMONSTRATION OF THE MESENTERIC 
COLLATERAL CIRCULATION IN 
YOUNG PATIENTS* 


By RICHARD P. SACKS, M.D. (MAJ., MC, USA),t DOUGLAS J. SHEFT, M.D.,t and 
JAMES H. FREEMAN, M.D., (LTC, MC, USA) 


SAN FRANCISCO, CALIFORNIA 


I! IS well known that in the presence of 
splanchnic arterial disease with vascular 
compromise, unless adequate circulation to 
the alimentary tract 1s established, a spec- 
trum of disorders may occur. These dis- 
orders include weight loss, diarrhea, mal. 
absorption, ulceration, hemorrhage, stric- 
ture formation, enteritis or colitis-like syn- 
dromes, and infarction of bowel.534 A 
marginal vascular supply may lead to the 
syndrome of intestinal angina," but a well- 
developed collateral system will often per- 
mit the patient to remain" asymptom- 
atic,’ 1.12 

We have recently seen cases of unusual 
disorders affecting the abdominal vascula- 
ture in 2 young patients who, because of 
extensive mesenteric collateral develop- 
ment, had no abdominal symptomatology. 
The hemodynamic alterations determined 
by the location of the obstructed or par- 
tially obstructed vessels is also demon- 
strated. As it is rare to demonstrate the 
mesenteric collateral system in young pa- 
tients, we felt that their description would 
be a worthwhile contribution. 


REPORT OF CASES 


CasE I. J.J., a 25 year old Caucasian male, 
previously in good health, was first discovered 
to have hypertension on a routine physical 
examination. His childhood history was un- 
remarkable, and he engaged in competitive 
team sports during his school years, and while 
in the military service. Hypertension was dis- 
covered while he was undergoing his discharge 
physical examination. 


Admission physical examination revealed a 
blood pressure of 180/100 in his left arm and 
200/110 in his right arm. Lower extremity 
blood pressure was 220/120. His pulse on ad- 
mission was 135 beats per minute, but his pulse 
rate while sleeping was 80 beats per minute. 
Further pertinent findings were a loud systolic 
bruit heard over the entire precordium, right 
cervical area, and left suprascapular region 
with radiation to both infra and interscapular 
areas. The bruit was especially well heard over 
the abdomen, particularly in the left upper 
quadrant, and bilaterally over the costoverte- 
bral angles. During hospitalization his blood 
pressure was quite labile, and at times he was 
relatively normotensive. His thyroid function 
studies were normal. Because of the bruits 
over his chest, back, and abdomen, as well as 
the apparent recent onset of labile hyperten- 
sion, aortography was performed. 

Findings at Aortography. The first injection 
was performed through a catheter introduced 
into the ascending aorta percutaneously via the 
femoral artery. This revealed bilateral sub- 
clavian artery stenotic areas with pre and post- 
stenotic dilatations, enlarged internal mam- 
mary arteries bilaterally, and an absent left 
vertebral artery (Fig. 14). A markedly irregu- 
lar lower thoracic and upper abdominal aorta 
was demonstrated, but the renal arteries were 
of normal caliber (Fig. 1B). Significantly, the 
celiac axis trunk and superior mesenteric artery 
were not filled in the expected sequence. How- 
ever, a dilated inferior mesenteric artery was 
observed to arc in the pelvis and proceed up- 
ward toward the left upper quadrant of the 
abdomen (Fig. 1, B-D). The arterial pathways 
below the origin of the inferior mesenteric 
artery from the aorta were normal (Fig. 1C). 
After the dilated inferior mesenteric artery 


* From the Radiology Service, Letterman General Hospital, San Francisco, California. 
This material has been reviewed by the Office of The Surgeon General, Department of the Army, and there is no objection to its 
presentation and/or publication. This review does not imply any indorsement of the opinions advanced or any recommendation of such 


products as may be named. 


T Presently, Chief of Radiology, Valley Forge General Hospital, Phoenixville, Pennsylvania. 
f Formerly, Chief of Diagnostic Radiology (Letterman); now Assistant Professor of Radiology at the University of California, 


San Francisco Medical Center, San Francisco, California. 
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Fic. t. Case 1. (4) There are stenotic areas of both 
bral artery and the enlarged internal 





ubclavian arterie 





(arrows). Note the absent left verte. 


mammary arteries. (B) There is marked irregularity of the lower 
thoracic and upper abdominal aorta; however, the renal arterie 









sare normal in caliber, Arrow indicates the 
dilated inferior mesenteric arterial loop. (C) The arterial supply below the dilated inferior mesenteric artery 
(arrow) 1s normal. (D) The ascending dilated mesenteric artery is .ecated along the left side of the aorta 
(lower arrow) after it turns from the pelvis 


is. The paravertebral coll 





ral development (upper arrow) prob- 
ably aids the hac circulation. 
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made its turn out of the pelvis, 1t proceeded 
upward along the left side of the aorta (lig. 
1D) where its course became increasingly more 
tortuous as it developed into the truly "mean- 
dering” mesenteric artery (Fig. 1E). After its 
extremely circuitous course, anastomosis was 
made with filling of the superior mesenteric 
artery via its middle colic branch (Fig. 17). 
The origin of the superior mesenteric artery 
was obviously occluded at its origin from the 
aorta, and its lumen was filled distally by the 
retrograde flow from the inferior mesenteric 
arterial collateral. Further collateral arterial 
vessels then proceeded from the now filed 
superior mesenteric artery via the pancreatico- 
duodenal arcade about the head of the pan- 
creas to fill the gastroduodenal branch of the 
hepatic artery and thence the celiac axis which 
was also obstructed at its origin from the 
aorta (Fig. 1G). In this way the vasculature to 
the abdominal viscera was derived 1n retrograde 
fashion from the inferior mesenteric artery to 
fill the superior mesenteric artery and eventu- 
ally the celiac axis, both of these latter vessels 
being obstructed at their aortic origin (Fig. 177). 

The patient declined an exploratory laparot- 
omy and was discharged from the hospital on 
conservative anti-hypertensive therapy. It is 
believed that the clinical pattern and arterio- 
graphic findings are most compatible with an 
aortitis. 

Comment. lt became important to inform the 
patient that the blood supply to his alimentary 
tract was furnished, in the main, by a single 
artery, and should he require abdominal sur- 
gery or develop symptoms of abdominal 
vascular disorder, his physicians should be 
informed of the mesenteric collateral existence. 
Also, one could argue for the prophylactic 
creation of additional pathways to the celiac 
and superior mesenteric arteries. 


Case 11. G.J. is a 14 year old asymptomatic 
girl discovered to have hypertension. on a 
routine school physical examination. The blood 
pressure in her right arm was 240/115, and in 
the left arm was 240/120. The blood pressure 
in the lower extremities was 160 systolic by 
palpation. Her pulse was 88 per minute and 
regular. Other than the hypertension, the 
most significant physical findings were the 
presence of vascular bruits. A moderately 
loud systolic bruit was heard over the abdomen 
in the midline, in both lower quadrants, and bi- 
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laterally over the costovertebral angles. The 
amplitude of pulsations of the peripheral arter- 
ies in the lower extremities was definitely 
diminished with a significant time lag when 
compared to the upper extremity and cervical 
pulsations. Because of the possibility of coarc- 
tation aortography was performed. 

Findings at Aortography. There was a large 
vessel arising from the superior mesenteric 
artery and traveling a moderately tortuous 
course from the left upper portion of the ab- 
domen to the left lower quadrant (Fig. 2.7). 
This vessel then became the inferior mesenteric 
artery and rejoined the aorta. Collateral vessels 
were also observed between the celiac axis and 
superior mesenteric artery (Fig. 2, Æ and B). 

An exploratory laparotomy was performed. 
The abdominal aorta was observed to be nor- 
mal with a gradual taper beginning in the 


area of the origin of a moderately dilated 
celiac axis and superior mesenteric artery. 


Below the superior mesenteric artery the aorta 
narrowed to a segment measuring approxi- 
mately 7 millimeters in diameter and several 
centimeters in length. This narrowed segment 
involved also the main renal arteries which were 
markedly diminished in caliber and measured 
approximately 3 mm. in diameter bilaterally. 
A strain gauge measurement of the aortic 
pressures above and below the coarcted segment 
revealed a 4: mm. Hg differential in pressures 
between the cephalic and caudal extremes of 
the narrowed segment of aorta. A large tortu- 
ous arterial channel in the left mesocolon 
coursed through the left upper and lower quad- 
rants of the abdomen and corresponded 
exactly with the roentgenographic demonstra- 
tion of this meandering artery. It originated 
from the superior mesenteric artery, and after 
running its course, became the inferior mes- 
enteric artery and joined the aorta which was 
of normal caliber at this level (Fig. 2, 7 and 5). 

Because of the severe renal artery involve- 
ment, a corrective vascular repair was not 
attempted. The patient made an uneventful 
recovery and was discharged to be followed bv 
the cardiology and vascular surgery services. 

Comment. In this case the normal anterograde 
flow of blood is demonstrated as opposed to the 
retrograde flow of blood demonstrated in 
Case 1. Blood supply to the meandering mes- 
enteric artery is derived, in the main, from the 
superior mesenteric artery, but poles from 
the celiac axis augment the circulation. Again, 
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ee ee or Fic. 3, Case n (Æ) An especially cir- 
€ MEN cuitous course of the meandering 
mesenteric artery through the left 
portion ef the abdomen ts illustrated, 
The catheter has been withdrawn to 
the upper lumbar area of the abdomi- 
nal aorta. (F) Eventual anastomosis 
of the meandering mesenteric artery 
with the middle colic branch of the 
superior mesenteric artery (arrow) is 
demonstrated. (G) The pancreati- 








coduodenzl arcade collateral develop- 
ment (arrows) to fill the celiac axis 
(CA) from the now filled superior 


senteriz artery (SMA) is docu- 








me 
mented. 
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the importance to the patient of the demon- 
stration of the altered hemodynamics cannot 
be overemphasized, and if abdominal surgery 
is necessary in the future, her surgeons must 
be aware of this existing circulation. 


DISCUSSION 


The main impetus to the development of 


the splanchnic collateral system in the 
adult is the progression of atherosclerotic 
disease with age and the resultant vascular 
compromise. Other causes‘? of mesenteric 


vascular compromise in the adult are 
embolic phenomena, vasculitis, polycy- 


themia, leukemia, abdominal or pelvic in- 
flammatory disease, neoplastic disease, and 
cardiac or abdominal surgical procedures. 
In fact, it has been stated that any patient 
who develops ulcerative colitis,? regional 
enteritis, or malabsorption syndrome after 
cardiac surgerv or aortic grafting should be 
suspected of vascular dise: ii until proven 
otherwise.” Naturally, the « 
the collateral "d of the alimentary 
tract 1s favored by the slowest process, as 
the mortalitv in acute mesenteric occlusive 
disease is extremely high." 

Mesenteric vascular occlusion in infancy 
and childhood is rare.” The mortality 
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Fic. 1. Case 1. (/7) A diagrammatic composite of the 
collateral circulation and the retrograde direction 
of blood flow in Case 1. Both basic systems are 
illustrated. GDA —gastroduodenal artery; PDAA 
= pancreaticoduodenal arcade. 
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lic. 2. Case u. (77) The meandering mesenteric ar- 
terial collateral (large black arrows) provides for 
increased blood flow from the superior mesenteric 
artery and celiac axis to the inferior mesenteric 
artery. Pancreaticoduodenal collaterals (narrow 
arrow) run between the cebac axis and superior 
mesenteric arteries. (B) Composite drawing of the 
collateral development in Case ri. Note the coarc- 
tation of the abdominal aorta and the involved 
renal arteries. which are markedly narrowed in 
caliber. Small arrows indicate the anterograde 
flow of blood. 


from acute mesenteric vascular occlusion is 
very high in this age group. The additional 
causes? of mesenteric vascular compromise 
in younger patients are: emboli associated 
with congenital heart disease, abdominal 
trauma, intestinal strangulations, peri- 
toneal bands, coarctation of the aorta, and 
idiopathic causes. 

There are probably three basic reasons 
for the rare demonstration of the mesen- 
teric collateral system in the younger pa- 
tient, First, arterial disease is uncommon 
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in the voung patient in contrast to the older 
adult. Secondly, there is a high mortality 
when acute mesenteric vascular occlusion 
occurs in the pediatric age group." Thirdly, 
there 1s a lower index of suspicion concern- 
ing the development of the mesenteric col- 
lateral system in the younger patient. 

The awareness on the part of the clini- 
cian or roentgenologist will be the decisive 
factor in the demonstration of the splanch- 
nic collateral circulation in the vounger 
patient as the extensive collateral develop- 
ment commonly allows the patient to re- 
main asymptomatic.’ The importance 
to the patient is obvious with respect to 
contemplated surgery or future abdominal 
disorders? 59 

The zn vivo roentgenographic demonstra- 
tion of the splanchnic collateral potentiali- 
ties has been illustrated in the presented 
cases and, relatively recently, has been 
described in detail by several au- 
ihorg ie 


SUMMARY 


Unusual cases of extensive mesenteric 
vascular collateral development in 2 young 
patients are reported. As the extensive col- 
lateral development may allow the patient 
to remain asymptomatic, the clinician or 
roentgenologist should suspect the develop- 
ment of a mesenteric collateral system 
when certain vascular abnormalities are en- 
countered in a voung patient. These abnor- 
malities include hypertension, diminished 
upper or lower extremity arterial pulsa- 
tions, and especially the presence of vascu- 
lar bruits in the thorax, flank, or abdomen. 
Recognition and demonstration of this col- 
lateral circulation in the voung patient will 
allow for proper surgical intervention if 
indicated, and will be an invaluable contri- 
bution for the evaluation of future medical 
or surgical disorders in these patients. 
Richard P. Sacks, M.D. 

Box 61, Valley Forge General Hospital 
Phoenixville, Pennsylvania 19460 

The authors would like to express their ap- 
preciation to Dr. Charles A. Gooding for his 
review of the manuscript and helpful sugges- 
tions. 


Sacks, Douglas J. Sheft and James H. Freeman 


penk 


t2 


rane 
Nath ee 


ta 


6. 


Lb. 


14. 


. Baus, S., Srers, G. N 


. BERNSTEIN, 


. BROLIN, I. s and PAULIN, 


. Davin, L. M., and THOMA 


. MACĪNTYRE, 


. Mirer, W. H., 


. RATNER, 


FEBRUARY, 1963 


REFERENCES 


+ 





and Bave, A. Extrinsic 
pressure defects on duodenal loop in mesen- 
teric occlusive disease. Radiology, 
866-874. 


1965, $5, 


W. C, and Bernstein, E. F. 
Ischemic ulcerative colitis following inferior 
mesenteric arterial ligation. Dis. Colon & 
Revium, 1963, 6, UE 

. Abnormal communi. 
gaton between Mau vessels. Aeta 
radrol. (Diagn.), 1964, 2, 460-472. 


. Brox, K. M. Thrombotic occlusion of abdomi- 


nal aorta: associated viscer al artery lesions and 

colateral circulation. Am. J. ROENTGENOL. 

Ran. THERAPY & NUCLEAR MED., 1966, 96, 

Shy 9595. 

s, R. G. Blood supply 
of abdominal viscera by single collateral 
mesenteric channel. South African J. Surg., 
1 966, 4,297537. 

Evans, J. A. Techniques in detection and diag- 
nos: of malignant lesions of liver, spleen, and 
pancreas. Radiol. Clin. North America, 
3 Tr $82. 

FELsox, B. Translumbar arteriography in in- 
trinsic disease of abdominal aorta and its 
branches. AM. J. RokNTGENOL., Rap. THER- 
APY & NucLear MED., 1954, 72, £97-608. 

R. S. Abdominal aortography. 

Radrol. Clin. North America, 1964, 2, 425—444. 

MaronIELLO, J. T., and STEIN, 
D. iL, Jr. Mesenteric vascular occlusion in in- 
fancv and childhood: review of literature and 
bid of an additional case. Y. Pediat., 
59, 57-570. 

Morerrin, L. B., Batpwin-Price, H. K., and 
ScHREIBER, M. H. Congenital absence of 
celise axis trunk. Am. J. RoevTGENOrL., Rab. 
Therapy & Nuctear MED., 1905, 95, 727- 
739. 

Morris, G. C. Jr., DeBakey, M. E., and BERN- 
HARD, V Abdominal angina. Surg. Clin. North 
America, 1966, 46, 919-930. 


1965, 


1901, 


2. Mos&osvivz, M., ZIMMERMAN, H , and FELSON, 


B. Meandering mesenteric artery of colon. Am. 
J. Regw roENOL., Rap. THERAPY & NUCLEAR 
Meb., 1964, 92, 1088-1099. 

Il. A, and Swenson, O Mesenteric 
vascular occlusion in infancy and childhood. 
New England J. Med., 1960, 265, 1122-1125. 

ScHWARTZ, S. Bovey, S. J., Ropinson, K., 
Krieser, H., Scuurrz, L., and Auten, A. C. 
Roen:genologic features of vascular disorders 
of intestines. Radiol Clin. North America, 
1964, 2, “I-87. 

Wane, C. C., and Reeves, J. D. Mesenteric 
vascular disease. Am. J. ROENTGENOL: 4 RAD. 
Tuerapy & NucLear MeD., 1960, &5, 895- 
909. 


Vor. 102, No. 2 


THE VALUE OF ANGIOGRAPHY OF THE SMALL 
BRANCHES OF THE ABDOMINAL AORTA* 


By PAUL C. KAHN, M.D.,t and RICHARD E. FRATES, M.D.1 


BOSTON, MASSACHUSETTS 


ROGRESS in selective angiographic 

techniques has made the catheterization 
of small branches of the abdominal aorta- 
i.e. the inferior phrenic, adrenal, gonadal 
and lumbar arteries (Fig. 1) an entirely 
feasible procedure. It is our purpose in this 
report to review our experience with over 
200 such catheterizations. We will analyze 
some of the technical factors that lead to a 
high rate of success, and some anatomic 
facts that must govern the selection of ves- 
sels. In particular, we will stress the diag- 
nostic information that accrues from such 
studies. 


MATERIAL AND METHODS 

The studies included in this review are 
summarized in Table r. While many of the 
procedures are performed primarily for the 
catheterization of the vessels listed, the 
majority are done in association with other 
catheterizations, such as renal, celiac and 
mesenteric. The indications for the studies 
will be discussed subsequently. 

The usual approach is as follows: 


1. A high quality aortogram is obtained. 
This is done by inserting a PE 240 J- 
tipped catheter so cm. in length, and 
positioning it under fluoroscopy at the 
level of origin of the vessel of interest. 
A pressure injection of 30-50 ml. of 
60 per cent methylglucamine diatri- 
zoate (renografin 60) or iothalamate 
(conray) 1s made at an injection rate 
of 25-35 ml. per second while serial 
films are exposed. A Valsalva maneu- 
ver is used occasionally in order to de- 
crease flow, or to displace the kidnevs. 





Fic. 1. The small branches of the abdominal aorta, 
with tvpical sites of origin. The lumbar arteries 
(174 L.A.) curve around the bodies of their respec- 
tive vertebrae. The other branches are the inferior 
phrenic artery (LP.AJ, middle adrenal artery 
(M.A.A.) and gonadal artery (G.A.) 


Biplane, stereoscopic and oblique 
views are sometimes obtained to im- 
prove visualization of vessel origins. 
For selective entry, à BD RPX os4 
catheter so cm. in length is used. The 
catheter is tapered to a fine but short 
point to permit entry into small ves. 
sels without buckling of the tip. The 
end of the catheter is bent into a 


pa 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 26-29, 1967. 
From the Department of Radiology, New England Medical Center Hospitals and Tufts University School of Medicine. 
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Tage I 


EXPERIENCE WITH CATHETERIZATION OF THE 
SMALL BRANCHES OF THE ABDOMINAL AORTA 


Inferior Phrenic Hn tery: vT aie 
Right— 3o 


Common--—28 

Gonadal Artery -Total 1; 
Spermatic-—-11 
Ovarian-~4 

Middle Adrenal Artery—Total 43 


Lumbar Artery —Total s; 
l'irst-—21 
Second--18 
Vhird—-12 
l'ourth-—4 


Total 203 


smooth semicircle, with the diameter 
approximately 30 per cent greater 
than that of the aorta at the level of 
origin of the desired vessel. Proximal 
to this curve the catheter is kept as 
straight as possible, with no secondary 
bends for aortic, lumbar or iliac 
curves. 

After exchange over an .035 guide 
wire, the catheter is manipulated into 
the area 1n which the desired branch 
appears to arise. Anatomic knowledge 
of the usual anterior or posterior rela- 
tionships of the vessel origin is uti- 
lized, as well as the information from 
the aortogram. The catheter is 
checked for free back flow of blood, 
and filled with saline. 

The catheter is then connected via a 
flexible tube to a 20 ml. narrow bore 
syringe filled with contrast agent. 
While very gentle m anipulation of the 
catheter tip in the area of interest is 


carried out, injections of o.2-0. 4 ml. of 


contrast material are made under 
fluoroscopy. While the catheter is in 
the aorta, these injections can not be 
seen since the contrast medium dilutes 
rapidly with the large blood flow. 
However, when the small vessels are 
selectively entered, contrast filling 


can be observed. No effort to with- 
draw blood is made during this m anip- 
ulation except when the syringe 1s 
renlled. 

Whenever the catheter does not read- 

ils follow the aortic wall in the region 
of inter oo an EXCISBBeS IS mage witii 


4t 
ry 


curve Is a ene or in cases ol imos 
aertic tor tuosity a secondary com- 
pensating curve is introduced into the 
replacement catheter. Three or four 
catheter changes have been used on 
Occasion. 

6. With catheter in place in the small 
artery, a check is made for backflow of 
blood. If this is obtained, there is little 
concern about total occlusion of the 
vessel. About half of the time there is 
no backflow and a fluoroscopic check 
is then made to see if the catheter 
blocks the vessels and delays flow of a 
test dose of contrast material. If this 
is the case, the injection is performed 
nonetheless, but a smaller volume of 
contrast material is used and the 
catheter is withdrawn immediately 
after injection, while the filming is still 
in progress. The volume of contrast 
agent varies from 1—15 ml, depending 
on the size of the vessel. The Injection 
time Is 1-4 seconds, and serial films 
are obtained over an 8-24 second 
period. 


RESULTS 


The success rate of small artery catheter- 
ization cepends firstly on whether the ves- 
sel origin can be visualized on the aorto- 
gram, secondly, on the experience of the 
angiographer dd thirdly on the condition 
of the zorta in regard to tortuosity and 
arteriosclerotic plaques. When the vessels 
can be identifed on the aortogram the 
success rate in all branches described here 
exceeds go per cent. When the vessel origin 
can not be seen on aortography, and the 
position has to be guessed, the success rate 
varies from 80 per cent in the lumbar ar- 
teries to 20 per cent in the gonadal arteries, 


Vor. 102, No. 2 


The presence of extensive aortic plaques 
makes the catheterization procedure much 
more difficult, and is considered a con- 
traindication to studv because of a com- 
plication encountered early in our experi- 
ence which will be described below. 

The patient usually notes the injections 
as a feeling of discomfort. Inferior phrenic 
artery injections are localized to the 
shoulder, middle adrenal artery injections 
to the upper flank, and lumbar artery injec- 
tions to the back. Gonadal artery injections 
produce less discomfort than the others. 
The referred sensation is to the lower abdo- 
men. 

The only serious complication occurred 
in a hypertensive 55 year old man who 
underwent ^ aortorenal ^ arteriography. 
Aortography showed that extensive arterio- 
sclerosis was present and that the left renal 
artery was occluded. A selective small ves- 
sel catheterization was undertaken in an 
attempt to demonstrate the blood supply 
to the left kidney from collateral vessels. 
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The procedure was prolonged because the 
catheter repeatedly lodged in atheromatous 
plaques. Several lumbar arteries were en- 
tered, however, and injected. A selective 
arteriogram of the patient's right renal ar- 
terv following this manipulation showed 
segmental occlusion of an intrarenal branch 
which had been patent on the aortogram. 
Several weeks after the arteriography, the 
patient developed signs of atheromatous 
embolization to the legs and progressive 
renal failure which led to his death about 4 
months later. At autopsy, there were 
atheromatous emboli in the right kidney. 
This case has been described in detail else- 
where.* 

Our experience with selective angiog- 
raphy of the adrenal glands has been re- 
ported in part.^* We have now demon- 
strated 11 adrenal tumors by this method. 
We are impressed by the fact that many 
tumors, particularly the cortisol secreting 
adenomas (Fig. 2, 4 and B) and adrenal 
carcinomas appear quite vascular on selec- 





Fic. 2. A so year old woman with Cushing's syndrome. (4) Selective right inferior phrenic arteriogram. The 
right adrenal gland is not enlarged. (B) Selective left middle adrenal arteriogram. A 3 cm. adenoma is seen 
in the upper portion of the left adrenal gland. 








FIG. 5. 
tric fundus invading the esophagus. (4) Selective 
common inferior phrenic arteriogram — before 
chemotherapy shows prominent gastric branches 
to the area of the tumor (arrow). 
the inferior phrenic artery appears normal. ( B) Re- 
peat selective arteriogram 7 months later. The in- 
feror phrenic arteries have now enlarged consider- 
ably, and are supplving both metastasis to the 
liver and tumor seeding the peritoneum. 


52 vear old man with carcinoma of the gas- 


tive angiograms, but are not readily de- 
tected by aortography. While pheochromo- 
cytomas usually are so highly vascularized 
that they are readily seen on the flush 
aortogram, 1n one instance we were able to 
demonstrate the presence of a tumor onlv 
by selective adrenal artery injection. The 
experience. with selective adrenal arterlog- 
raphy in 6 proven aldosteronomas has 
been disappointing.!? In one instance it was 
possible to demonstrate 
adrenal arteries by tumor. However, not 
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size. Whi le pum pattetn seen on ae 
venography has been characteristic in some 
instances, the use of adrenal venous sam- 
pling for aldosterone has been the most valu- 
able localizing test. Adrenal metastases 
have been demonstrated as negative filling 
defects ın several cases. 

Another use of selective adrenal angiog- 

raphy is in the evaluation of gland size in 

patients with suspected adrenal hyper- 
plasia. While no exact parameters have yet 
been developed, gross enlargement of both 
glands on arteriography Was apparent in 
several cases. 

Additional observations on the extra- 
adrenal branches of the inferior phrenic 
artery confirm our previous observations.? 
In addition to supplying the di laphragm, 
these arteries also give branches to a major 
portion of the peritoneum. Collateral 
branches to the liver on the right, and to 
the stomach on the left are also prominent. 
In a number of cases we have seen tumor 
supply to the liver or stomach arising from 
the inferior phrenic arteries, and the devel- 
opment of peritoneal seeding in a rapidly 
advancing gastric carcinoma can be simi- 
larly followed (Fig. 3, Æ and B). The in. 
ferior phrenic arteries are occasionally en- 
larged as the result of aur Or 
postoperative changes, and the left inferior 
phrenic artery usually becomes prominent 
after splenectomy. 

Selective perirenal arteriography, or in- 
jection of the small branches supplying the 
area surrounding the kidney has been a use- 
ful techn que in ev aluating the extent of 19 
kidney tumors. The presence of tumor ves- 
sels filling from these branches indicates 
spread through the renal capsule. Usually 
the infer or phrenic artery supplies upper 
pole tumors, the middle adrenal and gona- 
dal arteries medial lesions, mesenteric 
Denn supply anterior tumors and lum- 
bar arteries posterior and lower pole lesions. 
The second lumbar artery is the one most 
often associated with the blood supply of 
the renal bed. 
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Frc. 4. A $8 year old man with hypertension. (7) 
Right renal arteriogram shows a tight stenosis. (B) 
Selective right. spermatic arteriogram demon- 
strates collaterals furnishing the major. blood 
supply to the right kidney. 


D> 


The same arteries which furnish. blood 
supply to kidney tumors can also act as 
collaterals to the renal artery in case of 
proximal obstruction. Such collaterals are 
demonstrated in 6 cases in this series, most 
often from the lumbar arteries, but occa- 
sionally from the middle adrenal, inferior 
phrenic or spermatic arteries (Fig. 4, -7 and 
B). In several instances the distal renal 
artery cannot be evaluated by aortography, 
but is seen only after selective injection, All 
patients in whom collaterals to the kidney 
are demonstrated were hypertensive. How- 
ever, in a number of patients with signifi- 
cant renal vascular hypertension no collat- 
erals can be seen on selective injections. 

A search tor recurrent renal tumors by 
selective catheterization of the small ar- 
teries of the tumor bed was made in 6 cases. 
In one instance selective lumbar arteriog- 
raphy (Fig. 5, 4-C) demonstrates a re- 
currence. In another case, recurrent tumor 
is shown on inferior adrenal and inferior 
phrenic artery injections. In the postopera- 
tive period evaluation of the renal tumor 
bed 1s often combined with selective arte- 
riography of other suspected metastatic 
sites, such as lung, liver and bone. 

Other retroperitoneal tumors also fre- 
quently receive their main blood supply 
from the small branches of the abdominal 
aorta, The middle adrenal artery usually 
supplies the major retroperitoneal branch, 
which courses laterally around the kidney 
in the surrounding fatty tissue. Tumors of 
the retroperitoneum are therefore fre- 
quently best shown on middle adrenal arte- 
riography (Fig. 6), and differentiation has 
to be made between primary adrenal 
tumors and lesions of other retroperitoneal 
tissues. The inferior phrenic and gonadal 
arteries also contribute significantly to 
retroperitoneal blood supply. The lumbar 
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arteries supply principally those lesions 
situated posterior to the dorsolumbar liga- 
ment, Extensive lumbar artery supply was 
seen in a neurilemmoma. The lumbar ar- 
teries provide blood to the vertebral bodies, 
and may be injected to demonstrate lesions 
in this area (Fig. 7). Blood supply to the 
spinal cord via the anterior spinal arteries, 


412 Paul C. Kahn and Richard E. Frates FEBRUARY, 1968 





lic. 5. A 70 year old woman evaluated for 
anemia and weight loss. An intravenous 
pyelogram showed a right lower pole 
mass. (,7) Selective right renal arterio- 
gram shows a carcinoma at the lower pole 
of the right kidney. (B) Selective right 
third lumbar arteriogram performed at 
the same time is within normal limits. 
sere collateral circulation to the right 
second lumbar artery is present. (C) Six 
months later the patient returned. with 
unexplained abdominal pain. A repeat 
thd right lumbar arteriogram shows re- 
current tumor in the kidney bed. 


times arises from lumbar arteries. Selective rection and level of origin of small abdom- 
gonadal arteriography was used to demon- inal aortic. branches are summarized in 


strate extension of a uterine sarcoma (Fig. Table n. 


8). No primary ovarian or testicular tumors 
have vet been studied, although the excel- 


lent demonstration of branches to the testes Just as the method of selective catheter- 


(Fig. g, .7 and B) makes this possible. ization of large vessels has become more 


while most often of intercostal origin, some- Anatemic observations regarding the di- 


DISCUSSION 
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reliable with increased use, the technique of 
small vessel catheterization can also now be 
undertaken with full expectation of success. 
The first major application of small vessel 
catheterization was in the bronchial ar- 
teries,?? Selective catheterization of small 
thoracic branches is In some respects easier 
and in other aspects more difficult. than 
those of the abdomen. The thoracic aorta 1s 
usually straighter and there are fewer con- 
fusing branches. However, because of the 
high blood flow in the thoracic aorta, and 
the relatively low flow through small ar- 
teries, the vessel origins are very difficult to 
demonstrate on aortographv. 

The proper design of catheters is the 
most important single factor in the selec- 
tive catheterization of small vessels. An 
aortogram showing the size of the aorta at 
the level of origin of the side branch is ex- 





Fic. 6. A 66 year old female with fever of undeter- 
mined origin, An intravenous urogram showed 
lateral and downward displacement of the left 
kidnev. The selective left middle adrenal arterio- 
gram reveals bizarre vessels supplying a large 
tumor mass which has displaced the left adrenal 
gland laterally. At surgery this was proven to be 
lymphosarcoma. 
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Fic. 7. A $9 year old man with Paget's disease of the 
second lumbar vertebra detected incidentally dur- 
ing aortofemoral arteriography. Selective left sec- 
ond lumbar arteriogram shows enlargement of the 
posterior division of the lumbar artery, and some 
increased vascularity in the diseased vertebral 
body. An anterior spinal artery is also seen (arrow). 





big. 8. À 49 vear old woman one year post-hysterec- 
tomy fer uterine sarcoma with recurrent retroperi- 
toneal pain. A selective ovarian arteriogram shows 
vessels supplying a massive recurrence of tumor. 
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tremely helpful in determining the shape of 
the catheter. Once the insertion has been 
made, it 1s essential to judge whether or not 
the catheter has just the right amount of 
contact with the aortic wall in the area of 
interest, and to replace it promptly if it 
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Fic. 9. A £$ year old man being evaluated for possible 
retroperitoneal neoplasm. Left spermatic arterio- 
gram. U4) Upper half. (B) Lower half. The find- 
ings are normal. 


does noz. The insertion of a catheter which 
has beer. designed without knowledge of the 
aortic width in order to save time is self- 
deteatimz. 

Newe- instruments which permit the 
changing of the tip of the catheter inside 
the body!" will in all probability even- 
tually solve the problem of catheter design. 
Unfortunately, the instruments currently 
available have major disadvantages such as 
stiffness, poor injection characteristics, and 
tendency to clot formation. Therefore, we 
continue to use preshaped radiopaque 
polyethylene catheters. 

Not oaly is careful catheter design es- 
sential to success, but it is also one of the 
principal safety factors in small vessel 
catheterization. It 1s well known that the 
manipulation of selective catheters against 
the wall of the aorta causes considerable 
intimal abrasion,” and that the severity of 
the trauma is proportional to the force 
used. A properly designed catheter will ac- 
complish its purpose more rapidly and with 
less force, and thus as little damage to the 
Intima as possible. 

A problem that has concerned us con- 
tinually s nce our one serious complication 
several vears ago, is the possibilitv of 
scratching atheromatous plaques, either 
with immediate embolization, or with the 
formation of a site for subsequent discharge 
of atheromatous material or thrombus for- 
mation. We believe that this is a potential 
hazard of all selective catheterizations, not 
only those involving small vessels, and its 
incidence 1s probably related both to the 
amount o° manipulation and amount of 
disease. Therefore, we consider arterio- 
sclerosis a relative contraindication to selec- 
tive arterography. When required, the 
procedure must be performed with a mini- 
mum amount of manipulation. 
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Tage II 


DIRECTION AND LEVEL OF ORIGIN OF SMALL 


aaeeeo Ae oh eeaeee erenn e -—————————— 


Usual Direction Usual Level 


Artery of of RE 
Origin Origin 
Inferior Anterior or T i2-L1 interspace 


:WuauMx-----"--—--"««-«"-——-—--—————————————————————————— — HHT SHEESH 


T ri-12 interspace 


ABDOMINAL AORTIC BRANCHES 


mM 


Top 3rd of L2 Mav arise from 


phrenic anterolateral or top 3rd of Li celiac axis or right 
renal artery 

Middle — Anterolateral Middle 31d of Lı Bottom ird of Ti2. Top 3rd of L2 Mav arise from 

adrenal ^ or lateral inferior phrenic 
or renal artery 

Gonadal Anterolateral Top 3rd of L2 Lower 3rd of L1 Middle 3rd of L3 May arise from 
renal artery 
(especially on 
right side) 

First Posterolateral Bottom 3rd of Lr Middle 3rd of Lı Top of L2 Usually larger 

lumbar or posterior anterior division 
and extensive 
collaterals 

Second Posterolateral L2-L3 interspace Middle 3rd of L2 Middle 3rd of L3 Posterior division 

lumbar or posterior often larger than 
anterior 

Third Posterolateral Bottom 3rd of L3 Top 3rd of L3 L3-L4 interspace — Anterior divisions 

lumbar or posterior directed toward 
iliac crest 

Fourth Posterolateral Middle L4 Top 3rd of L4 Aortic bifureation May arise from 

lumbar or posterior iliac artery or 


Another potentially hazardous step in 
small vessel catheterization is the need for 
the injection of contrast material without 
prior aspiration of blood. This is essential, 
because when the small branches are en- 
tered successfully, it is frequently not 
possible to aspirate blood. Two precautions 
are necessary. First, the syringe containing 
contrast material must already be attached 
to the catheter, so that a bubble of air will 
not inadvertently be injected. Secondly, 
the injection must be made gently with a 
small amount of contrast medium. When 
the catheter is lodged against the aortic 
wall, resistance will usually be encountered 
and no injection made. Occasionally a small 
subintimal deposition of contrast material 


midsacral artery 


occurs. This has caused no clinical sequelae 
in our experience. 

Another potential hazard is created by 
the total occlusion of a small aortic branch 
by the catheter. We believe that the collat- 
eral blood supply to all these arteries 
through the many interconnections that 
constitute the plexus of Turner is adequate 
so that a few minutes of occlusion will not 
produce tissue damage. The greater risk 
occurs during and after the injection of 
contrast medium. It is easy to overinject 
the small vessels, and the contact of the 
contrast medium with the endothelium 
may be unduly prolonged. The principal 
risk to the patient probably occurs if the 
main anterior spinal artery (artery of 
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Adamkiewicz) arises from a lumbar artery 
injected in this manner, There is no doubt 
that the relative safety of the 60 per cent 
methylglucamine salt of the modern con- 
trast media reduces the risk of spinal dam- 
age. We believe 1t 1s essential to minimize 
the volume injected into an artery occluded 
by the catheter, and to withdraw the 
catheter immediately after conclusion of 
the injection. It is often distressing to have 
to withdraw a catheter from an artery for 
which one has searched a long time, with- 
out knowing whether additional injections 
in that artery might subsequently z desir- 
able. However, even if the patient suffers 
no permanent tissue damage, the discom- 
fort he will experience with a blocked artery 
filled with contrast material will be quite 
considerable. Furthermore, once the exact 
location of an artery is known, re-entering 
the vessel will usually not prove difficult. 

Once the technique of small vessel cathe- 
terization has been mastered its uses be- 
come surprisingly numerous. Frequently it 
will be applied in conjunction with selective 
catheterization of major arteries. Thus, 
perirenal arteriography 1s valuable in deter- 
mining the extent of kidney tumors. Simi- 
larly, 
the stomach, pancreas and liver for intra- 
arterial chemotherapy, selective catheter- 
ization of small branches frequently pro- 
vides additional information about neo- 
plastic blood supply. In the study of the 
patient with renal vascular hypertension, 
selective injection of the small branches is 
sometimes the only way to show the pe- 
ripheral segment of a proximally occluded 
renal artery. In other instances the demon- 
stration of collateral vessels provides sub- 
stantiating evidence that a stenotic lesion 
IS Sit enificant. 

In an increasing number of cases we are 
undertaking selective 
small vessels as a primary procedure. This 
IS particularly true in adrenal angiography, 
which is performed both for the demonstra- 
tion of tumors and the evaluation of adre- 
nal size. While some adrenal branches mav 
be seen on the renal arteriogram after 
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epinephrine,’ the optimum adrenal visual- 
ization 1s produced by selective injections 
of the riddle adrenal and inferior phrenic 
arteries, 

Select ve catheterization of the small 
branches of the abdominal aorta is also a 
key to cemonstrating other lesions of the 
retroperitoneum. Selective arteriography of 
the gonadal arteries has not yet found much 
application. In the male, the simplicity of 
physical examination of the testes and rela- 
tively minor surgery required for explora- 
tion mav limit the role of arteriography. 
However, it is possible that arteriography 
of the ovaries may prove a valuable diag- 
nostic procedure. 

In recent years some interest has devel- 
oped in selective arteriography of vascular 
malformations of the spinal cord. Selective 
arteriography of the lumbar arteries also 
furnishes an opportunity for study of le- 
sions of »oth the vertebral bodies and soft 

tissues o^ the back. 

Itis necessary to be cautious in interpr čt- 
ing angicgrams of the small branches of the 
abdominal aorta. Congenital variations in 
the dist bution of these blood vessels are 
extensive. Muscular blushes resulting from 
the overinjection of small vessels can easily 
be mistaken for tumor, as can the collateral 
networks which result from previous sur- 
gery or arteriosclerosis. The adrenal glands 
are subject to great variations in shape, and 
these must also be interpreted. carefully. 
Fortunately the abnormalities seen on se- 
lective catheterization of the small abdom- 
inal aortic branches frequently are quite 
gross. 


SUMMARY 


We have reviewed our experience with 
over 200 selective catheterizations of small 
branches of the abdominal aorta. 

The technique requires preliminary aor- 
tography, accurate catheter design, and 

careful manipulation with repeated small 
volume contrast material injections. 

The method has proven highly useful in 
evaluating the extent of renal and other 
abdominal tumors, in demonstrating the 
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renal artery distal to an occlusion, in eval- 
uating adrenal size and masses and in 
studving other lesions of the retroperi- 
toneum. It shows promise in the evaluation 
of lesions of the gonads, spinal cord, verte- 
bral bodies and other structures of the 
back. 


Paul €. Kahn, M.D. 

New England Medical Center Hospitals 
171 Harrison Avenue 

Boston, Massachusetts 02111 
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ANGIOGRAPHIC DEMONSTRATION OF CROSS PELVIC 
COLLATERAL CIRCULATION FOLLOWING 
BILATERAL AXILLARY FEMORAL BYPASS* 


By EDWARD A. KUPIC, M.D,f and JAMES R. MACKENZIE, M.D.1 


BURLINGTON, VERMONT 


HE presence of a rich, well developed 

cross pelvic collateral circulation in 
patients with obstructive disease in the 
iliofemoral arterial system has been well 
demonstrated angiographically by numer- 
ous authors.™® >18 The vascular radiologist 
has assumed an important role in the di- 
agnostic evaluation and postsurgical man- 
agement of patients with vascular disease 
particularly following the use of replace- 
ment or bypass grafts. Axillary femoral 
bypass as first successfully accomplished 
by Blaisdell and Hall is a rather new ap- 
proach to the treatment of an infected 
aortic graft. Therefore, reports demon- 
strating the hemodynamics of such bypass 
grafts have been rather sparse. It is the 
purpose of the authors to illustrate the 
presence of a cross pelvic collateral cir- 
culation when one side of the graft is volun- 
tarily occluded proximal to the point of 
pelvic inflow in a patient with an infected 
aortico-iliac. graft. 


REPORT OF A CASE 


W.B., a 52 year old white male, was admitted 
January 4, 1966, complaining of low back pain 
which radiated down the right leg, and was 
due to traumatic degenerative disk disease. A 
myelogram showed a small protrusion in the 
interspace of Ls-S1. There was no associated 
neurologic deficit. An incidental abdominal 
aortic aneurysm was palpated at the time of his 
admission. A 6.5 X 7 cem. abdominal aortic 
aneurysm was removed at operation and was 
replaced with an aortico-ihac knitted dacron 
prosthesis. The patient was discharged on the 
ninth postoperative day with all wounds 
healed. 

Five weeks later he was re-admitted for 


malaise and coccydynia and discharged with- 
out trearment. 

He was re-admitted for a third time 21 
months after the original procedure with chills 
and fever unresponsive to antibiotics. The 
chills and fever finally subsided and his 
only symptoms were low back pain, tenderness 
over the left fank and limitation of straight 
leg raisirg to 45°. Intravenous pyelographv 
revealed a nonfunctioning left kidney and 
retrograde pvelography showed a severely 


stenotic left ureter with proximal hydro- 
nephrosis 


Upon failure to dilate the stenotic area, 
exploratesy laparotomy was carried out which 
revealed a kidney surrounded by pus, con- 
nected to a large cortico-nephric abscess. Re. 
active fibrosis had surrounded the ureter pro- 
ducing the stenotic area. Distal to this fibrotic 
area, a "loculated retroperitoneal hematoma” 
was found. Clots were removed from “the 
hematoma,” the left ureter reconstructed and 
the wound closed and drained. The aortic pros- 
thesis was never visualized during this pro- 
cedure. 

Five days after this operation, the patient 


3 


bled profusely from the left aortico-iliac 
anastomosis and associated false aneurysm. 


The separated ends of the anastomosis were 
resutured for expediency since the patient was 
in no concition to withstand further operative 
intervention. At the same time a long stasis 
clot was removed from the iliofemoral arterial 
system by means of a Fogarty catheter. 

Three weeks later the left iliac suture line 


ruptured again producing abdominal pain, 
left flank swelling and shock. At this time a 
bilateral axillary femoral dacron bypass pros- 


thesis was inserted, the aortico-iliac prosthesis 
resected, and the left kidney and ureter re- 
moved (Fiz. 1; Table 1). Postoperatively the 
patient recovered rapidly and was discharged 


* From The University of Vermont College of Medicine, Burlington, Vermont. 


T Assistant Professor, Department of Radiology. 
$ Assistant Professor, Department of Surgery, 
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lac. 1. Diagram of operative procedures: (1) Aneurysmectomy and placement of an aortico-ihac knitted 
dacron prosthesis; (2 and 3) retrograde cystoscopy and dilatation of the left ureter; (4) drainage of a lett 
cortico-perinephric abscess and reconstruction of the stenotic left ureter; (6) removal of the septic aortico- 
iliac prosthesis, left kidney and ureter and placement of bilateral axillary artery femoral bypass prosthesis; 


t 


(7) wide excision of the infected sinus tract around the lower left bypass graft; (8 and 9) partial excision of 
the left bypass graft; and (10) removal of the remaining distal prosthesis and insertion of a patch graft to 


the femoral artery detect. 


4 weeks after the aortico-femoral bypass 
procedure. 

During July and August 1966 the patient was 
re-admitted to his local hospital because of 
upper gastrointestinal bleeding secondary to a 
hiatus hernia, esophagitis and esophageal 
peptic ulcer. He recovered from this episode 
on conservative treatment. In August, 6 


weeks after his axillary femoral graft, he devel- 


oped an infected sinus in the left inguinal area 
which communicated with the left bypass 
graft 4 cm. proximal to, but not connected with, 
the distal anastomosis. 

On September 18, 1966, three months after 
removal of the aortico-iliac prosthesis he was 
re-admitted for the fourth time to hospital 
because a large area of cellulitis had devel- 
oped around the sinus tract. Drainage from 
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LESA 1966 


Ian. 


P Mar. 3» p 


3 PUN 4, 1966 Fever, malaise 
Apr. 6, 1966 — Stenotic left ureter ; hydronephrosis Cystoscopy; ureteral drainage 
Apr. 13, 1966. Stenotic m. ureter pyetonepntosis ostossapys ureteral drainage 
Apr. 20, 1966 — Cortico-perinephric abscess of Drainage abscesses; reconstruction of left 
kidney ureter 
Apr. 2 25> sub Hemorrhage a ani i shoe k Resuture of left iliac anastomosis 
May 16, wee Henori: age and hök Brateral axillary femoral bypass graft: 
resection of aortico-iliac graft, left kidney 
and ureter 
4 Sept. 18, 1966 Infected left axillary femoral graft 
Is Jan. 30, 1967 hile "m "m jud graft 


Feb. 2, 1967 


Feb. 8, 1967 


Feb. 9, 1967 


Mons 1s, 1967 Infected left T cuff 


the wound was cultured and the patient placed 
upon the appropriate antibiotic ae apy. Two 
days later the sinus and the inflamed tissue were 
widely excised down to the graft. The wound 
was packed open and irrigated with the ap- 
propriate antibiotic solution. Two and one 
half months of treatment failed to heal the 
wound. During this period oral oxicillin was 
given to discourage the formation of septic 
emboli. 

On January 30, 1967, one year after the 
initial aortico-iliac graft, the patient was re- 
admitted to hospital with an abscess and 
cellulitis just proximal to the sinus. The abscess 


Richt arteri- 


percutaneous transaxillary 
ograph: y 


C FOSS Fe of left dl ped femor: d i pass 
graft-—24 hcurs 


Renae of infected portion of left axillary 
femoral graft 


Removal of femoral prosthetic cuff; venous 
pateh graft of femoral artery defect 


was drained and the inflammation subsided. 
After occluding the left bypass a right trans- 
axillary arteriogram showed collateral circula- 
tion from the right leg to the left leg via the 
right iliofemoral system (Fig. 2; and 3, A-C). In 

an attempt to determine the viability of the left 
leg the left prosthesis was carefully clamped. 
Fifty milligrams of heparin was instilled into 
the proximal portion of the prosthesis to pre- 
vent clotting, There was no evidence of ischemic 
change in the left foot during the next 2 24 hours, 

and that portion of the graft involved in infec- 
tion was then removed, This left behind the 
proximal half and distal 1 cm. of the graft. 


The left leg and foot remained free of ischemic 
change. 

The upper wound healed without incident, 
but the cuff of prosthesis left at the temor al 
anastomosis site became infected and did not 
heal. This cuff was removed and the defect 
in the common femoral artery was closed with 
a brachial venous patch graft. (The saphenous 
systems were left intact in case a bypass graft 
would have to be dice at a later date.) 
The wound was allowed to granulate in the 
presence of a constant irrigation of antibiotic 
fluid and it healed without incident. 

The patient was discharged from hospital 
| year and 3 months after the initial operation 
with all wounds healed. The leg and foot have 
remained viable and the patient can now walk 
up to one half mile without cl: n (He 
has not tried to walk further as yet.) At his 
last visit, a dorsalis pedis pulse was gon) 
strated, his foot was warm and there were no 
trophic changes present. 


DISCUSSION 


Collateral circulation to the pelvis and 
lower extremities is of vital importance 
when there is gradual obstruction of the 
aorto-iliac system. Such a circulation may 
follow a variety of pathways but, in gen- 
eral, the level of occlusion. will determine 
greatly the type of collateral circulation 
and, usually, the potential anastomotic 
channels nearest the site of occlusion are 
those which partake most actively in sup- 
plying blood about the obstructed area. 
The usual patterns of pelvic and lower ex- 
tremity collateral circulation have been 
well described in the past and will not be 
repeated in detail here. Basically, however, 
one may expect the collaterals to be either 
systemic- systemic Or viscero- systemic n 
type. In the former, the intercostal, lumbar, 
internal mammary, deep Geanies irae 
and inferior epigastric arteries all supply 
blood to the internal and external iliac 
system, while in the latter the celiac, 
superior and/or inferior mesenteric arteries 
may anastomose with the internal iliac 
arteries through the hemorrhoidal plexuses. 

The two basic collateral systems may be 
equally well developed or one may domin- 
ate, The level of aortic occlusion, the sever- 
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bypass graft. A 
catheter has been inserted into the proximal graft 


Pic. 2. Angiogram of axillary 
site via right brachial artery. There is a dilution 
defect due to nonopaque blood reaching the 
anastomotic site from the right subclavian artery. 
The graft is well opacified in the subcutaneous 
tissues of the lateral thoracic wall. Note moderate 
hvpertrophy of some of the muscular branches 
of the axillary artery distal to the anastomosis. 


itv of the stenotic Pues. and degree of 
patency of the mesenteric and internal 


iliac vessels, all are Ta determining 
whether the svstems are balanced or not. 
It is also well known that the various 
branches of the hvpogastric artery, both 
visceral and parietal, are capable of anas- 
tomoses with their opposing fellows across 
the midline as is frequently observed when 
unilateral pelvic artery obstruction occurs 
The surgical management of patients 1n 
which an aortico-iliac prosthesis has be- 
come septic will be described in a separate 
publication.’ The primary purpose of this 
report is to point out that a unilateral axil- 
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bic. 3. Right percutaneous transaxillary arteriogram with left bypass graft occluded. C7} Angiogram of distal 
anastomotic site. There is slight narrowing of the graft at junctien with the superficial femoral artery and 
retrograde flow to the bifurcation of the common femoral artery with filling of a hypertrophied deep femoral 
artery which provides a collateral supply to the right hypogastric system, particularly via the femoral 
circumflex artery. Both the superficial femoral and deep femora! vessels may be identified more distally. 
(B) Angiogram of left hip and leg at 9 seconds after injection follewing occlusion of left bypass graft demon- 
strating the contrast medium faintly outlining the left femoral system (through jaw of towel clip), confirm. 
ing the presence of a cross pelvic vascular supply to the left leg via the right hypogastric system. (C) Dia- 
gram demonstrating route of the circulation from the right axillary femoral bypass to the profunda-gluteal- 


lac system into the left femoral system: (1 


^ 


) Right axillary femeral bypass; (2) right and left internal iliac 


origins; (3) cuff of left bypass graft remaining after operation No. 9. 


lary femoral bvpass graft may be sufficient 
to nourish both lower extremities by mak- 
ing use of the pre-existing cross pelvic col. 
lateral vascular network. 

In this particular case, it was noted at 
surgery following temporary occlusion. of 


observed from the common femoral artery 
indicating that the primary supply to the 
superficial femoral artery and lower limb on 
the left was via the femoral circumflex-pro- 
funda network. This supply must have 


originate. from the right profunda-gluteal 
and hypogastric systems and crossed the 
pelvis to the left hypogastric and profunda- 
gluteal vessels which nourished the lower 
limb. A smilar but not identical bilateral 
supply to the lower extremities via a uni- 
lateral trans-rectus sheath arterial bypass 
has been cemonstrated by Wolf and Pate.’ 

During the radiologic and angiographic 
evaluation of the patient who has recently 
undergone prosthetic replacement of a dis- 
eased aorta, the following principles con- 
cerning septic retroperitoneal grafts should 
be kept in mind.” 
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I. Sepsis involving retroperitoneal grafts 
commonly becomes apparent months 
after grafting, with ureteral stric- 
tures as an accompaniment, and ul- 
timately leads to major hemorrhage 
from the suture lines. 

2. A primary surgical effort directed at 
the genitourinary region may com- 
pound the problem. 

3. Ureteral strictures secondary to an 
infected graft will disappear if the 
foreign body is removed and the sep- 
sis cleared. 


In retrospect, a successful conclusion to 
this case could probably have been ob- 
tained more rapidly had the previous 
principles been more closely adhered to 
from the time at which the complications of 
perinephric abscess and ureteral stricture 
began to produce symptoms of urinary 
tract disease. 


SUMMARY 


A case is reported in which bilateral 
axillary femoral bypass grafts were per- 
formed for aortico-iliac sepsis in a $2 year 
old white male. 

Collateral circulation via the right by- 
pass graft which was adequate to maintain 
viability of the left leg when the left bypass 
was clamped is demonstrated and dis- 
cussed. 


Edward A. Kupic, M.D. 
Department of Radiology 
The University of Vermont 
College of Medicine 
Burlington, Vermont 05401 
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I TRA-ABDOMINAL arteriovenous 

communications following trauma or sur- 
gery are well documented 1n the medical 
literature, ^75 In these cases, the history is 
helpful in establishing the correct diag- 
nosis. In the congenital variety of arterio- 
venous malformation, however, the diag- 
nosis may be obscure. Recently, we have 
encountered 2 cases of congenital arterio- 
venous malformations in relatively young 
men that presented as mass lesions in the 
pelvis. Appropriate angiographic study 
was decisive in establishing the diagnosis 
and directing the mode of treatment. 


REPORT OF CASES 


Case 1r. A 27 year old white physician was 
admitted. to The Mount Sinai Hospital with 
the chief complaints of burning on urination 
and dull supr apubic pain. These complaints had 
been intermittent for many years, He also 
experienced occasional pain in the left thigh 
and testicle on walking. No blood was noted 
in the semen. After each of two episodes of 
hematuria, cy stoscopy was performed. On both 
Occasions, an extrinsic pressure deformity was 
noted on the left side of the bladder. There had 
been no pelvic surgery or prior trauma, 

The general phy sical ex amination was nor- 
mal. Blood pressure was 120/70. No abnormal- 
ity of the external genitalia was noted. The 
positive findings were limited to the rectal 
examination which disclosed the presence of a 
mass related to the left side of the prostate and 
bladder and extending later ally. It was thought 
that this represented a cystic, dilated seminal 
vesicle. One examiner, however, thought the 
mass was pulsatile and felt a thrill. Examina- 
tion of the urine showed no abnormalities. 

Intravenous urography revealed an extrinsic 
pressure detect on the left side of the bladder 
and medial deviation of the distal lefr ureter 
(Fig. 1). Because of the pulsatile nature of the 
mass, the possibility of a vascular neoplasm or 
aneurysm of the iliac artery was considered and 





PIG. 


. Case 1. Intravenous pyelogram, frontal pro- 
ee There is a soft tissue mass displacing the 
distal left ureter (U) medially and causing extrinsic 
pressure on the left lateral bladder wall (B). 


aortography was performed. A catheter was 
inserted percutaneously into the right femoral 
artery by the Seldinger technique and ad. 
vanced into the lower lumbar aorta, Thirty 
cubic centimeters of renografin 76 was injected 
with pressure syringe and serial roentgeno- 
grams of the pelvic vasculature obtained. The 
left hypogastric artery was enlarged. Its 
branches within the pelvis communicated with 
a network of tortuous and disorganized vascular 
channels which drained into large saccular 
veins which in turn emptied into the inferior 
vena cava (Fig. 2, Æ and B). The findings were 
consistent with a diagnosis of arteriovenous 
malformation. 

surgery revealed that the left seminal vesicle 
was virtually replaced by a vascular mass which 
proved to be an arteriovenous malformation. 
This was successfully resected. The patient has 
returned to work. 


* From the Departments of Radiology and Surgery, The Mount Sinai Hospital, New York, New York. 
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hic. 2. Case n Aortograms via right femoral artery. Frontal projection. (47) An early aortogram shows a mass 
of dilated tortuous vessels representing an arteriovenous malformation (M). This is fed mainly by branches 
of the left hypogastric artery (LH) which is much larger than the right hypogastric artery (RH). (B) A 
later aortogram reveals dilated veins (arrow) draining the vascular malformation into the left iac vein 


(LIV). 


Case Ir, A 39 year old white male was ad- 
mitted to The Mount Sinai Hospital with the 
chief complaints of dysuria and frequency of 
urination, There was also a history of impotence 
of 2 months’ duration. There was no history of 
hematuria. The patient had never undergone 
pelvic or abdominal surgery. 

The general physical examination was normal. 
Rectal examination revealed a soft tubular 


mass in relation to the right posterior aspect of 


the bladder. Urine examination was normal. 

Intravenous urography revealed the pres- 
ence of a mass displacing the right side of the 
bladder and the distal ureter medially (Fig. 3). 
Barium enema examination showed that the 
mass indented the rectum and displaced it to 
the left (Fig. 4). 

The patient was cystoscoped and extrinsic 
pressure on the right bladder wall was noted. 
The mucosa of the bladder appeared normal 
except for one small area of granular tissue on 
the right lateral wall. A biopsy was attempted. 
This was followed by severe bleeding which 
required repeated fulguration for hemostasis. 

The initial clinical impression was that the 
patient had subacute seminal vesiculitis. He 
was discharged on antibiotic therapy. Bleeding 
recurred, however, and the patient was re- 
admitted for transfusion and further work-up. 

Physical examination on the second admis- 


sion revealed that the pelvic mass was pulsatile. 
No bruit was heard. 

Percutaneous retrograde aortography anc 
right selective iliac arteriography were per- 
formed. The right hypogastric artery was 





bic. 5. Case nr. Intravenous pyelogram, frontal pro- 
jection. The distal right ureter (U) is deviated 
medially and there is extrinsic pressure on the 
right lateral bladder wall (B) suggesting the pres- 
ence of a soft tissue mass on the right side of the 
pelvis. 
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hic. 4. Case ri. Barium enema examination, frontal 
projection. There js extrinsic pressure on the right 
lateral rectal wall (arrows) bv a soft tissue mass. 
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markedly enlarged. Its branches in the pelvis 
were diated and communicated with an exten- 
sive network of abnormal vessels which filled 
the right side of the pelvis and seemed to in. 
volve the base of the bladder and the area of the 
prostate (lig. 5,7). These vessels communi- 
cated with a series of large dilated saccular 
venous channels that emptied into the inferior 
vena cava (lig. 5B). There appeared to be 
some flow from the branches of the left hypo- 
gastric actery into this vascular malformation. 

Surgery was performed and the right hypo- 
gastric artery was ligated. The major arterio- 
venous communication was identified anc 
excised. At this point the venous pulsations 
ceased. At the time of surgery, it was noted 
that many dilated vessels also involved the 
wall of the bladder and rectum. The vesica! 
bleeding stopped after surgery but recurred 
again in 4 days. Repeat aortography and left 
common tac arteriography were performed. 
These studies revealed prompt filling of the 





VG. §. Case it. Aortograms via right femoral artery. (4) An ear! y aortogram reveals filing of a mass of di- 
lated tortuous vessels representing an arteriovenous malformation (M) which is fed primarily by branches 
of the right hypogastric artery (RH) which is markedly dilated. Several small anastomotic branches (AN) 
from the left hypogastric artery (LH) appear to enter the vascular malformation. (RE) right femoral 
artery; (SH) superior hemorrhoidal artery; (RIP) right internal pudendal artery; (LIP) left internal 
pudendal artery. (B) A later aortogram shows dilated venous channels draining the malformation into the 


inferior vena cava (VC). 
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Fic. 6. Case m. Four days following ligation of the 
right hypogastric artery and excision of parts of 
the arteriovenous malformation. (7) Aortogram 
via left femoral artery. There is a deformity at 
the site of ligation of the right hypogastric artery 
(unlabeled arrow). A large mass of abnormal 
tortuous vessels is again opacified. The vascular 
malformation is supplied in part by peripheral 
branches of the right hypogastric artery (RH). 
The trunk of this artery is filled in a retrograde 
fashion from the medial circumflex femoral ar- 
tery (MCF) by way of the right internal puden- 
dal (RIP) and right obturator (RO) arteries. The 
left hypogastric artery (LH) is now dilated and 
supplied multiple branches to the vascular mal- 
formation. The left internal pudendal (LIP) and 
the superior hemorrhoidal (SH) artery have not 
increased in size. (B) A later aortogram shows the 
venous drainage of the malformation into the in- 
ferior vena cava (VC). Persistent opacification of 
the right obturator (RO) and right internal pu- 
dendal (RIP) and distal right hypogastric (RH) 

arteries indicates slower flow on the right side as compared to the left. (C) Selective left common irae dre 

terv injection (*) demonstrates multiple dilated anastomotic channels (AN) supplying the vascular mal- 
formation. Most of the blood entering the malformation now comes from the left side. (LIP) left internal 
pudendal artery; (U) right ureter. 


residual vascular malformation primarily from several of the lower lumbar arteries and al 
branches of the left hypogastric artery (Fig. 6, — branch vessels arising from the common iliac, 
AB anc}, external iliac, and common femoral arteries. 

The patient was operated on again. The left The patient was re-studied 5 days following the 


hypogastric artery was ligated as well as second operative procedure. Aortography and 
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lic. 7. Case n. Five days following ligation of the 
left hypogastric artery and mul tiple feeding ves- 
sels. Catheter aortogram via left axillary artery. 
GT) Am early aortogram demonstrates dilatation 
of the superior hemorrhoidal artery (SH). There 
is faint opacification of the right obturator artery 
(RO) by retrograde How from the medial circum- 
Hex femoral artery (MCF), Medial deviation of 
the right ureter persists (U). (LCF) lateral cir- 
cumflex femoral artery. (B) Aortogram 1.3 sec- 
onds later shows progressive retrograde filling of 
the distal stump of the right hypogastric (RH) 
and left hypogastric artery (LH) from the medial 
circum£ex femoral arteries (MCF). There is be- 
ginning opacification of the vascular malforma- 
tion from branches of the distal hypogastric 
arteries and from the intact superior hemor- 
rhoidal artery (SH). (RIP) right internal puden- 
dal artery; (LIP) left internal pudendal artery; 
(RO) right obturator artery. (C). A later aorto- 





gram shows the venous drainage of the vascular malformation into the inferior vena cava (VC). 


selective right and left iliac arteriography were 
performed through the left axillary artery ap- 
proach. Both hypogastric arteries had been 
successfully ligated. The superior hemor- 
rhoidal artery was enlarged. As the femoral 
arteries became opacified, the contrast medium 
Howed through collateral vessels from the 
medial circumflex femoral arteries in retrograde 
fashion into the pudendal and obturator ar- 
teries and then filled the distal segment of the 
hypogastric arteries and their branches (Fig. 
7, -1 and B). These led into the vascular mal- 
formation in the pelvis and then drained into 


the inferior vena cava (Fig. 7C). Filling of the 
vascular supply of the malformation was con- 
siderably slower postoperatively. Selective 
right and left iliac artery injections demon- 
strated filing of the malformation from both 
femoral arteries, 

The bleeding recurred following the second 
operation so that additional transfusions be- 
came necessary. A total of 20 units of whole 
blood were administered following the initial 
hemorrhage and the subsequent two opera- 
tions. A direct abdominal approach to the 
bleeding point in the bladder was avoided since 
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there was concern that new bleeding sites 
might occur by surgically entering the bladder. 
A third operation was performed at which 
time D prune us al arteries were 
‘ e the bleeding 

ae EU the patient m s cell 


DISCUSSION 


Congenital arteriovenous maltormations 


may be found in any area of the body. The 
communications within the lesion are 


usually multiple and extensive, although 
rarely only a few arteriovenous channels 


are present. Usually, the dilated large 
arteries and veins and the associated 


smaller vessels form an hemangiomatous 
mass most likely representing an elabora- 
tion of the embrvologic capillary plexus 
from which both arteries and veins de- 
velop.?.!? 

These malformations may produce sys- 
temic or local effects. The systemic changes 


have been well documented and consist of 


cardiac output, increased 
blood volume, cardiac hypertrophy and a 
widened pulse pressure. Locally, the 
effects are usually secondary to pressure 
or bleeding. When the malformation in- 
involves a limb, there may be gross growth 
disturbances.? 

Involvement of the bladder and ureter 
by pelvic aneurysms of the arteriosclerotic 
variety 1s a well known phenomenon." 
Reports of congenital vascular malforma- 
tions causing such changes are less com- 
mon. Utz and Kincaid! illustrated such a 
case. Retrograde cystography demon- 
strated marked displacement of the blad- 
der by a mass that proved to be a congeni- 
tal arteriovenous fistula. Preoperative vas- 
cular studies were not presented. Frencken 
and Landman?’ reported angiograms in a 
patient with menorrhagia in which the 
uterus was markedly involved by a con- 


an increased 


genital vascular malformation. Recently, 
MacIntyre,’ demonstrated by abdominal 


aortography a pelvic vascular malforma- 
tion in a patient complaining of pelvic 
pain, a desire to defecate, and painful 
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alformations : 
erection. In the cases presented ; 
report, the local effects were also prof 
nent, Since the lesions were located in the 
pelvis, the symptoms of suprapubic pain, 
dysuria and frequency are not surprising. 
Conventional roentgenographic examina- 
tions revealed extrinsic pressure on the 
bladder, ureter and rectum as by a mass. 
The clinical evaluation of the first patient 
was most important in that a palpable 
thrill was present. This prompted the 
vascular study and enabled the correct 
diagnosis to be made. In the second pa- 
tient, the evaluation of a pelvic mass with 
symptoms referrable to the genitourinary 

system prompted cystoscopy. The urolo- 
gist noted the presence of pulsations of the 
bladder wall at the time of cvstoscopy but 
this may be seen normally. Unfortunately, 
the biopsy which was attempted led to 
hemorrhage. It was this complication 
that prompted the vascular studies which 
led to the correct diagnosis. 

Cinefluorography was not per formed on 
these patients. It is possible that if this 
had been done when the bladder and ureter 
were opacified during urography, active 
Ra of the mass might have been 
noted. This may be a useful screening 
procedure for obscure pelvic masses be- 
fore biopsy or operative intervention is 
attempted. 

Surgical treatment of these lesions 1s 
difficult since the vascular communications 
are usually multiple and may involve the 
walls of various viscera. Avoidance of 
elective surgery is usually advised 1f clin- 
ically feasible.*!9 It is not surprising that 
unilateral ligation of the ipsilateral hypo- 
gastric artery was not effective in Case 11 
in controlling the bleeding. Bilateral hypo- 

gastric and profunda femoral artery liga- 
tion became necessary along with ligation 
of larger local vessels within the malforma- 
tion. 

The collateral circulation within the 
pelvis is excellent. Burchell and Olson’ 
have demonstrated good collateral blood 
flow within the pelvic vessels following 
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bilateral hypogastric artery ligation al- 
though the pulse pressure within the 
vessels is decreased. The resultant de- 
creased flow is important in allowing a clot 
to form and organize at a bleeding site so 
that hemostasis may occur. 


SUMMARY 


Two young men with congenital pelvic 
arteriovenous malformations are reported. 
Both had local symptoms related to the 
presence of a mass. Angiographic studies 
were diagnostic and essential in guiding 
treatment. 


Harold A. Mitty, M.D. 

The Mount Sinai Hospital 
11 East tooth Street 

New York, New York 10029 


Case r is a patient of Dr. Alvin Tierstein. 
Surgery was performed by Dr. S. Crawford. 
Case r1 is a patient of Drs. E. Pader and S. 
Glickman. 
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By LEON LOVE, 
E TE the increasing use of arteriog- 
raphy in the various fields of radiol- 


ogy, the study of peripheral vascular 
trauma has received relatively little atten- 
tion. ^9 5* In a large trauma center we 
have had numerous opportunities to make 
use of arteriography in the evaluation of 
peripheral vascular injury. Our purpose 
here is to present the roentgenographic 
findings in various types of vascular 
trauma as well as the indications for this 
diagnostic procedure. Thirteen case presen- 
tations will be preceded by a discussion of 
the significant pathologic, clinical, and 
roentgen findings. 
PATHOLOGY 

The most common vascular injury 
demonstrated in this studv was an un- 
complicated pseudoaneurysm. The remain- 
ing lesions consisted of traumatic throm- 
bosis associated with an arterial laceration 
or contusion, and pseudoaneurysm ac- 
companied by an arteriovenous fistula. 

A pseudoaneurysm is also designated by 
the terms false aneurysm and pulsating 
hematoma. Pathologically it consists of a 
hematoma in direct continuity with the 
arterial lumen. In time the hematoma 
becomes surrounded by a fibrous sac 
derived from the organization of its peri- 
pheral lavers.? The wall of a true aneu- 
rysm consists of all three layers of the 
normal artery (intima, media, adventitia), 
whereas the pseudoaneurysm wall con- 
tains only an intima which forms after 
the aneurysm has persisted for a consider- 
able time. Flowing blood within a central 
cavity Is responsible for the frequent pulsa- 
tile nature of the aneurysm. The size of the 
hematoma is determined by the surround- 


ing tissue resistance, magnitude of the 
arterial defect, blood coagulation, and 
mean arterial blood pressure? In long 
standing hematomas, calcium salts may 
be deposited in portions of the wall which 
have undergone degeneration.! 


CLINICAL DIAGNOSIS 


The clinical differentiation between un- 
complicated pseudoaneurysm and pseudo- 
aneurysm associated with an arteriovenous 
fistula is generally made with ease. A 
palpable mass which may or may not be 
pulsatile is present in both cases. The 
pseudoaneurysm, however, classically pro- 
duces a systolic bruit while an arteriove- 
nous communication presents a continuous 
murmur with systolic accentuation and a 
palpable thrill. The systemic effects of 
increased pulse pressure, cardiac output, 
blood volume, and cardiac size are observed 
only in arteriovenous fistulae of signifi- 
cant size and duration.’ Branham's sign, 
a reflex slowing in the pulse rate after the 
shunt has been stopped bv pressure on the 


feeding artery, is also specific for an 
arteriovenous fistula.’ 
It is important to remember that 


occasionally either condition may present 
as a nonpulsatile tender mass simulating 
an abscess, the differentiation from which 
is extremely important for proper treat- 
ment. 


ROENTGENOGRAPHIC FINDINGS 


On plain roentgenograms, 3 of our cases 
demonstrated a well circumscribed soft 
tissue mass which arteriographically was 
an obvious pseudoaneurysm. The presence 
of calcification within the mass and secon- 
dary periosteal reaction both indicate the 


* From the Department of Diagnostic Radiology, Cook County Hospital, Chicago, Ilinois. 
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chronicity of the process (Fig. 13, .7 and B). 

In 2 cases of traumatic thrombosis, 
arteriography demonstrated a block to the 
flow of the contrast medium. The proximal 
end of the thrombus may be identified 
when a convex filling defect occurs in the 
distal column of the contrast medium 
(Fig. 2). Definite collateral vessels could 
be seen 3 hours after the initial trauma 


Chios 
The characteristic arteriographic finding 


of a pseudoaneurysm is prolonged visuali- 
zation of the extraluminal sac due to 
stagnant blood circulation. The true size of 
à pseudoaneurysm is not indicated by the 
visualized sac alone but also by the magni- 
tude of the surrounding nonopacified hema- 
toma, The size of the hematoma may be 
estimated if there is any visible displace- 
ment of adjacent vessels. Case viri shows 
a 2 cm. opacified aneurysmal sac with a 
nonopacified mass displacing small vessels 
at a considerable distance from the sac 
(Fig. 8). At surgery 2,800 cc. of surround- 
ing hematoma was found. We have also 
noticed that there is frequent compression 
of the injured vessel by the pseudoaneu- 
rvsm, with no compromise in the distal 
How of the contrast medium. This accounts 
for the clinical finding of persistent peri- 
pheral pulses in cases of pseudoaneurysm. 
Varving densities within the opacified sac 
represent eddy currents (Fig. 10). Oc- 
casionally, radiolucent areas caused by 
adherent clots can be visualized (Fig. 13C). 
The arteriographic diagnosis of trau- 
matic arteriovenous fistula is easily made 
and has recently been discussed by Bell 
and Cockshott. Our 3 cases were all 
associated with pseudoaneurysms, 1 of 
which originated from a vein. Some of the 
secondary physiologic changes of an 
arteriovenous fistula were demonstrated 
in Case xin. The proximal artery and 
vein were both dilated beyond their normal 
size. Retrograde venous flow resulting 
from increased venous pressure and in. 
competent valves was noted, and mani- 
fested clinically by a prominent superficial 
venous pattern on the leg (Fig. 13C). 


Leon Love and Thomas Braun 
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REPORT OF CASES 


The ‘ollowing case presentations are 
subdivided according to the time elapsing 
between the initial injurv and a definitive 
diagnosis; they are thus classified as 
acute, subacute, or chronic. 


ACUTE 


Case E-L. J., a 32 year old Negro male, 
was shot in the right knee 3 hours prior to 
admission. The patient noted a cool sensation 
in the right leg. Physical examination revealed 
absent pulses distal to the knee and coolness of 
the toes. Femoral arteriography demonstrated 
a block in the distal popliteal artery (Fig. 1). 
Minimal collateral circulation via the inferior 
genicular arteries was already apparent. Sur- 
gery revealed nearly complete transection of 
the distal popliteal artery with a thrombus oc- 
cluding the lumen at this site. The damaged 
arterial segment was resected, 


Case nL. C., a 47 year old Negro male, 
sustained a gunshot wound to the right knee 6 
hours prior to admission. On physical examina- 





Fic. 1. Case r. Occlusion of the right popliteal artery. 
Collateral circulation via the inferior genicular 
arteries 13 seen 3 hours after the initial injury. 
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tion there was no palpable pulse distal to the 
right knee, and the right foot was cool. Femoral 
arteriography revealed a complete block in the 
popliteal artery (Fig. 2). The distal end of the 
contrast medium demonstrated a convex filling 
defect. Surgery revealed a contusion of the 
distal popliteal artery which also contained a 
thrombus. The contused segment of the vessel 
was resected. 


CASE m-l. G., a 21 vear old Negro male, 
was shot tn the left subclavicular area 12 hours 
preceding admission, Initial examination 
showed only a hematoma overlying the left 
pectoralis major. The arteriogram revealed a 
pseudoaneurysm of the left axillary artery at 
the origin of the subscapular branch (Fig. 3). 
Surgery demonstrated a 2 cm. tangential lacera- 
tion of the axillary artery along with the re- 
sulting pseudoaneurysm, The lacerated arterial 
segment was resected and the hematoma evac- 
uated, 





Fic. 2. Case n. Complete occlusion of the right popli- 
teal artery with the occluding thrombus outlined 
by a convex filling defect. 
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trast medium. Pseudoaneurysm of the left axillary 
artery at the ongin of the subscapular branch. 


kic. 3. Case n1. Two seconds after injection of con- 


Case 1V.—M. W., a 15 year old Negro male, 
was stabbed in the right buttock approximately 
24 hours before admission. When seen earlier 
at another hospital, the patient required 1,000 
cc. of blood to control the hemorrhage. Follow- 
ing transfer to Cook County Hospital, a 
systolic bruit was heard in the right gluteal 
area. The peripheral pulses were normal, and 
no masses were palpable. The arteriographic 
studv revealed premature visualization of the 
right hypogastric and common iliac veins (Fig. 
4). Later roentgenograms demonstrated a 
small collection of contrast medium which 
proved to be a pseudoaneurysm of the interior 
gluteal artery (Fig. 48). Surgery confirmed the 
findings of an arteriovenous communication 
and associated pseudoaneurysm of the inferior 
gluteal vessels, and the fistula and injured 
arterial segment were excised. 


Case v.-~M, J., a 33 year old Negro female, 
was shot 1n the mouth 4 hours prior to admis- 
sion. Skull roentgenograms revealed that the 
bullet was located inferior to the right petrous 
pyramid, and thus carotid arteriography was 
done to evaluate the status of the internal 
carotid artery. The study demonstrated a 
pseudoaneurysm in the prepetrosal portion of 
the internal carotid artery (Fig. 5). Surgery re- 
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lic. 4. Case 1v. (4) Two seconds. Premature visualization of the nght hypogastric and common iliac veins. 
(B) Three seconds. Small pseudoaneurysm originating from the inferior gluteal artery with visualization of 
the inferior vena cava. 


vealed such an extensive laceration of the 


vessel that it had to be ligated. 
SUBACUTE 


Case vree D., F, a 42 year old Negro male, 
was stabbed just below the right knee 1 month 
prior to admission. Three weeks after the initial 
trauma, the patient noticed a pulsating mass 
in the same area. On physical examination a 
continuous murmur was heard over a tf cm. 
pulsatile mass, while the peripheral pulses were 
normal. Arteriographv | demonstrated early 
visualization of the popliteal vein associated 
with a large bilobed pseudoaneurysm; this was 
subsequently found to originate in the anterior 
tibial vein (Fig 6). A 1 mm. communication 
between the anterior tibial arterv and vein was 
visualized at surgery. 


received multiple stab wounds in the right 
forearm 3 months before admission, and had 
noticed an enlarging painful mass for 2 weeks, 


Case vite]. W., a $2 year old Negro male, 


Physical examination revealed an orange size 
nonpulsatile mass on the volar surface of the 
proximal right forearm. A svstolic bruit was 
heard over the area, and the peripheral pulses 
were normal. A soft tissue mass was visualized 
in the early phases of the arteriography, while 
later arteriograms demonstrated the mass to 
be a large pseudoaneurysm arising from the 
proximal radial artery (Fig. 7, 4 and B). The 
findings were confirmed during surgery, where 
the hematoma was evacuated and the damaged 
arterial segment resected. 


Cas HL. Sau 3s ear ole Sehite male, 
sustained. a subtrochanteric fracture of the 
right femur in an automobile accident. The 
fracture was fixed with a Smith.Peterson nail 
and a McLaughlin bar. Three weeks later the 
patient noted pain in the right thigh, the medial 
aspect of which was indurated on palpation. 
The patient was thought to have an abscess, 
but a needle aspiration yielded only blood. 


After a 2 week interval with no significant 


DM 





Fic. 6. Case vi. Two seconds. Premature visualization 
of the right popliteal vein with a large bilobed 
pseudoaneurysm of the anterior tibial vein. 





ic. g. Case v. Pseudoaneurysm originating from 
the prepetrosal portion of the nght internal carotid 








artery. 
Fic. 7. Case vit. (4) Large soft tissue mass noted on the volar surface of the right forearm. (B) Arteriography 
demonstrates the mass to be a pseudoaneurysm arising from the proximal radial artery. 
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tibial artery was ligated, and a 400 cc. hema 
toma was evacuated. 


Case xV. G., a 34 year old Negro male, 
recetved a knife wound in the left forearm 1 
month preceding admission and noted a pain- 
less mass 2 weeks later. Physical examination 
revealed a 4 cm. pulsating mass on the volar 
aspect of the proximal left forearm. A systolic 
bruit was auscultated over the mass, and the 
left radia! pulse was moderately decreased. An 
arteriogram demonstrated a large pseudo, 
aneurysm arising from and compressing the 
proximal radial artery (Fig. 10). The injured 
arterial segment, containing a o.s em, defect, 
was resected at surgery. 


CHRONIC 


CASE XrLookE. $, a 28 vear old white male 
(and known heroin addict), had recently been 
Injecting paregoric into the left groin, One 
month prior to admission the patient developed 





lic. 8. Case vur, Small opacified sac of a pseudo- 
aneurysm of the right deep ion artery. Note 
the large nonopacified hematoma causing i displace- 
ment of small vessels. 


change, the pain increased. A pulsatile mass 
was now present in the medial thigh, and 
systolic bruit was heard. Arteriography was 
performed and revealed a pseudoaneurysm of 
the deep femoral artery (Fig. 8). At surgery an 
arterial segment containing a 1 cm. defect was 
resected, and a 2,800 cc. hematoma evacuated 
from the surrounding soft tissues. The arterial 
injury was thought to result from laceration of 
the hip pinning procedure. 


Case xP. O., a 28 year old Negro male, 
was stabbed 1n the lateral aspect of the left leg, 
2 months prior to admission, and developed a 
painful swelling at the wound site 2 weeks later. 
On physical examination there was a nonpul- 
satile diffuse swelling over the lateral aspect of 
the left leg with a systolic bruit and normal ic. g. Case 1x. Pseudoaneurysm of the left anterior 
peripheral pulses. The arteriogram demon- tibial artery with the nonopacified hematoma dis- 
strated a pseudoaneurysm of the anterior placing both the anterior and posterior tibial 


n LI 


tibial artery (Fig. 9). At surgery the anterior dens: 
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pain and swelling in the groin and was treated 
by a physician for an infection. The symptoms 
became progressively severe, and by the time 
of hospital admission, a 12 by 20 cm. nonpul- 
sating mass was palpable in the left groin. A 
systolic bruit was audible over the mass. The 
peripheral pulses were normal. The initial 
arterlogram revealed a large pseudoaneurysm 
arising from and compressing the common 
femoral artery (Fig. 11.7). Following surgical 
ligation of the left external iliac artery, there 
was a significant decrease in the size of the 
aneurysm (lig. 118). Definitive surgery con- 
sisted of evacuating a 1,000 cc. hematoma and 
resecting a segment of the common femoral 
artery containing a 1 cm. defect. 


Case xi]. L., an 84 year old Negro male, 
had sustained a gunshot wound in the right 


Fic. 10. Case x. Seven seconds. Prolonged visualiza- 
ton of a pseudoaneurysm arising from the right 
radial artery. Varying densities within the opaci- 
fied sac represent eddy currents. 
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shoulder 15 years previously. The patient had 
noted a gradually increasing weakness of the 
right arm for several years, but was unaware 


€ 


of any mass, On physical examination a pul- 
sating mass, over which was heard a systolic 
bruit, was palpable in the right axilla. The pe- 
ripheral pulses were normal. Arteriography re- 
vealed a large pseudoaneurysm of the axillary 
artery, which was not treated surgically (Fig. 


Y 


12). 


Case xii.—À. V., a43 year old Negro male, 
received a traumatic laceration of the left leg 
10 years prior to admission. Several weeks 
following the initial injury, the patient noticed 
a swelling at the wound site which gradually 
enlarged throughout the vears. Physical exam- 
ination revealed a 3 cm. nonpulsatile mass on 
the medial aspect of the left distal thigh. A 
continuous murmur was auscultated over the 
area. Additional findings included dilated 
superficial veins over the left leg, mild ankle 
edema, and Branham’s sign. The peripheral 
pulses were normal. Roentgenographic studies 
revealed a calcified soft tissue mass in the left 
distal thigh associated with periosteal reaction 
of the adjacent femur (Fig. 13, Æ and B). The 
femoral arteriogram demonstrated an arterio- 
venous fistula of the femoral vessels (Fig. 13€). 
The calcified mass proved to be a pseudo- 
aneurysm of the superficial femoral artery. At 
surgery the fistula and damaged arterial seg- 
ment were resected. 


COMMENT 


In the course of reviewing these case 
histories, several important clinical ob- 
servations become apparent. 


1. Our patients in the subacute group 
demonstrate a time interval of at 
least 2 weeks from the initial trauma 
to the presenting symptom. 

On physical examination a mass could 
be palpated in all cases of pseudo- 
aneurvsm occurring in the subacute 
| chronic groups; however, in 


12 


and 
only so per cent of instances was the 
mass pulsatile. 

A systolic bruit was auscultated in 6 
of 8 cases of uncomplicated pseudo- 
aneurysm, while a continuous mur- 
mur was present in 2 of 3 cases where 
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lic. 1. Case xr. G7) Two seconds. Initial arteriogram reveals a large pseudoaneurysm originating from and 
is. bol 


} 
compressing the lett common femoral artery. (B) Eight secon: lowing surgical ligation of the left ex- 


g s bo g 


ternal iliac artery, note significant decrease in size of the extraluminal sac. 


^ 


an arteriovenous fistula was also 
present, It is noteworthy that the 
only cases not demonstrating the 
classical auscultatory findings oc- 
curred in the acute group and were 
diagnosed within 24 hours of the 
initial trauma. 
4. The peripheral pulses were normal 
in all cases of pseudoaneurysm and 
arteriovenous fistula with one excep- 
tlon, Case x. 


INDICATIONS FOR ARTERIOGRAPHY 
In our studies of peripheral vascular 
trauma, we have found arteriography to be 


most valuable when performed for the 
tollowing indications. 





1. Localization of the Site and Extent of 


bic. 12. Case xu. Ten seconds. Right axillary artery 


pseudcaneurvsm with prolonged retention of con- Arterial d H]HVYy fH Patients With ¢ 
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teastyecbuim. Puise Deficit. In the presence of a 
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lic. 13. Case xin. C2) Calcified soft tissue mass in the media aspect of the left distal thigh. (B) Adjacent 


H 


femur exhibits periosteal reaction. (C) Three seconds, Arteriogram reveals an arteriovenous fistula of the 
femoral vessels associated with a pseudoaneurysm of the superficial femoral artery. Note the dilated proxi- 


mal vessels, retrograde venous flow, and constriction of the femoral vein caused by surrounding organized 


hematoma. Several radiolucencies within the sac represent adherent clots. 


-- 
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pulse deficit it 1s necessary to distin- 
guish arteriospasm. from disruption 
or thrombosis. One must also evaluate 
collateral flow and the status of the 
vessels distal to the injurv in planning 
the proper operative approach. 
l[nvesttgatton. of Suspicious lnjuries 
wn Patients (Without a Pulse Deficit. 
Patients come under suspicion when 
they present evidence of excessive 
bleeding or have an audible bruit 
at the injury site. In these particular 
cases arteriography is used to detect 
and differentiate pseudoaneurysms 
and arteriovenous fistulae. 
Differentiation of Post-traumatic 
Swelling. The development of a pain- 
ful nonpulsatile mass several weeks 
following trauma may clinically re- 
semble an abscess. Since the presence 
of a systolic bruit does not rule out 


this possibility, arteriography is neces- 
sary for appropriate diagnosis and 
management. 

4. Establishment of an Accurate Pre- 
operative Diagnosis in Cases where 
Diagnostic Clinical Findings are Lack- 
ing. In our material this condition 
applied to acute cases where there 
was insufficient time for the findings 
to develop. 


SUMMARY 


vascular 


the use of 


Thirteen cases of peripheral 
trauma were evaluated with 
arteriography. There were 2 cases of 
traumatic thrombosis and 11 pseudoaneu- 
rvsms, 3 of which were associated with 
arteriovenous fistulae. 


A brief discussion of the significant 
pathologic and clinical findings is pre- 
sented. 
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The characteristic arteriographic finding 
in pseudoaneurysm is prolonged visualiza- 


tion of the extraluminal sac, the size of 


which may be considerably less than that 
of the surrounding hematoma. 

The indications for the use of arteriog- 
raphy in cases of peripheral vascular 
trauma are stated. 


Leon Love, M.D. 

Department of Diagnostic Radiology 
Cook County Hospital 

Chicago, Illinois 60612 
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THE EFFECT OF CARDIAC CATHETERIZATION AND 
ANGIOCARDIOGRAPHY ON THE COAGULATION 
ACTIVITY OF THE BLOOD* 


By LARS BJÓRK, M.D. 


UPSALA, SWEDEN 


BR M complications 
of two types may occur during cathe- 
terization procedures. One is local throm- 
bosis at the site of the introduction of the 
catheter in the peripheral vessel. This com- 
plication varies in frequency in different 
serles** and is at least partly related to the 
degree of trauma to the vessel locally. The 
other complication is formation of thrombi 
in the catheter or at the tip of the catheter. 
The thrombotic material may become de- 
tached during manipulation of the catheter 
or during injections of the contrast me- 
dium and produce embolism. This is for- 
tunately rare, but cerebral embolism in 
particular is a very serious complication; 
sometimes repeated clotting in the catheter 
prevents the catheterization procedure. 
The mechanism responsible for this hyper- 
coagulability in some patients is poorly 
understood. The possibility of a primarily 
disturbed coagulation activity in some pa- 
tients must be considered; it is also con- 
ceivable that the catheterization procedure 
itself may cause increased coagulation 
activity. Zn vitro tests by Bartley, Fondberg 
and Jacobsson! demonstrated that the 
presence of the different catheter material 
in the blood produced a considerable in- 
crease 1n the coagulation activity. It is also 
known from intracardiac prostheses that 
presence of a plastic device in the blood 
stream may increase coagulation activity 
and lead to thrombus formation on the sur- 
face of the device.® It was therefore consid- 
ered of interest to determine the coagula- 
tion activity In cardiac patients and tostudy 
its variations after cardiac catheterization 
and angiocardiography. 


MATERIAL 


The material consisted of 38 unselected. 
adult cardiac patients routinely examined 
for cardiac disease by cardiac catheteriza- 
tion and angiocardiography. There were 
23 men and 15 women. Their ages ranged 
from 21 to 65 years. The mean age was 49 
years. 

METHODS 


In all patients cardiac catheterization of 
the right and/or left heart was performed. 
For catheterization of the right heart, 
NIH-catheters introduced from a periph- 
eral vein, usually in the arm, were used. 
For catheterization of the left side, the 
transseptal technique with percutaneous 
introduction of a teflon catheter was used 
in IO Cases; in 30 cases, a retrograde cathe- 
terization of the left ventricle was per- 
formed employing a percutaneously trans- 
femorally introduced Odman Ledin cathe- 
ter. The catheterization time varied from 
15 to 360 minutes (average, 125 minutes). 
The dose of contrast medium (isopaque 60 
per cent) for angiocardiography varied 
from 0.6 to 3.8 ml./kg. body weight, and 
the number of injections from 1 to 5. In 
most patients the injections were made 
only in the left side of the heart; however, 
in § patients the injections were made only 
in the right side of the heart, and in 2 cases 
both in the right and the left side. 

The coagulation activity was determined 
in blood drawn from a peripheral vein. A 
special test substance (Normotest*) was 
used.®” This substance is suitable for de- 
termining coagulation activity at normal 


* Manufactured by Nygaard & Co. A. S. Oslo. 


* From the Department of Diagnostic Radiology (Head: Prof. F. Knutsson), University Hospital, Upsala, Sweden. 
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levels, whereas Trombotest*? is used for 
determinations in patients on anticoagu- 
lant treatment, Trombotest and the agent 
empl ved here permit a combined deter- 
mination of changes in both the external 
and the internal coagulation system. The 
coagulation activity was determined before 
the catheterization, after the catheteriza. 
tion, immediately before the angiocardiog- 
raphy, and § minutes, 15 minutes and 
hours after angiocar liography. In a few 
cases the coagulation activity was also de- 
termined 24 hours after the angiocardiog- 
raphy. 

In all patients the degree of intravascular 
aggregation was determined from micro. 
photographs of the conjunctival vessels 
before the catheterization, after the cath- 
eterization, and 14 minutes after the 
angiocardiography by a technique previ- 
ously described.’ 


RESULTS 

The changes in coagulation activity were 
expressed In per cent of the precatheteriza- 
tion value, and only variations of more 
than 1o per cent were considered signifi- 
cant. An increase in coagulation activity 
after the catheterization proc edure was 
seen in ço per cent of the patients, 29 per 
cent had a moderate decrease in coagula- 
tion activity, and in 21 per cent it remained 
unchanged (Table 1). After angiocardiog- 
raphv, 77 per cent of the patients had a 
decrease in. coagulation activitv, whereas 
in 21 per cent it remained unchanged. An 
increase was seen only in 1 patient. 

The three ty pes of changes occurring in 
coagulation activity in different patientsare 
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COAGULATION ACTIVITY IN 3 8 CARDIAC PATIENTS 


In- De- U n- 
creased creased | changed 
After 
catheterization 19 ($005) 11 (3195) 8 (196%) 
After 


angiocardiography 1 


Lars Bjork 


FEBRUARY, 1968 


; d, D and C. The first 
patent t (Fi 207 vad a considerable in- 
crease In coagulation activity during the 
cardiac catheterization procedure. After 
angiocardiography there was an immediate 

drop in the coagulation activity and then a 
return to normal 4 hours after the angiocar- 

diography. In the second patient (Fig. 15), 
the catheterization procedure produced no 
significant change in the coagulation ac- 
tivity. However, after angiocardiography 
there was a rapid decrease and a return to 
the original value 4 hours after the angio- 
Gir liography, The third patient (Fig. 1C) 

had a moderate decrease in coagulation 
activity after catheterization, a further 
decrease after angiocardiographv, and then 
a slow return to normal value after 4 hours. 

The increase in coagulation activitv varied 
considerably, Fourteen of the 1g patients 
had an increase of 30 per cent or more. 


DISCUSSION 


The catheterization procedure produced 
a considerable increase in the coagulation 
activity in some patients but the in- 
dividual response varied and in 11 patients 
a moderate decrease was observed. When 
these Ti patients were compared with the 
I4 patients who had a more than 3o per 
cent Increase in coagulation activity, it 
was found that there was no difference in 
length of the catheterization procedure or 
number and type of catheters used be- 
tween the two groups. Different hemodv- 
namic studies at rest and at graded physi- 
cal work during the catheterization made 
no observable difference, 

There was a predominance of women in 
the group who had increased coagulation 
activity after catheterization. Nine of the 
total of 15 women were in this group and 
only 2 were in the group with decreased 
coagulaci ion activity. Of the 9 women, § 
were in the x and 4 in the fer tile 
age. i y T of them was using on contra- 





with d. previ lous RO th at women 
are more prone to develop thrombosis than 
men. 
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When the clinical and laboratory data of 
the patients in the “increase” and “de- 
crease” groups were compared, no obvious 
difference was found. An increased blood 
sedimentation rate was noted in I patient 
in each group, the hematocrit was slightly 
increased in 2 cases in each group. One pa- 
tient with increased coagulation activity 
had an abnormally high gamma globulin 
value. Nine patients in the "decrease" 
group and 3 in the "increase" group had 
received prophylactic oral penicillin 24-48 
hours before the catheterization. Oral 
penicillin could change the number and 
tvpe of bacteria in the intestine, thus dis- 
turbing the production and absorption of 
vitamin. K, which could influence the 
coagulation activity of the blood. However, 
the precatheterization values of iur 
tion activity were no different in one group 
than in the other, and it was not possible 
to predict from these values whether an in- 
crease or decrease would occur after cathe- 
terization, 


The intravascular aggregation, as ob- 


Effect of Angiography on Coagulation 
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40 
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Fic, 1. Changes in coagulation 


activity of the blood after cardiac 
catheterization. (4) Increase in 
so per cent of patients. (5) No 
change in ig per cent. (C) De- 
crease in 31 per cent. After anglo- 
cardiography there was a de- 
crease in coagulation activity in 
78 per cent of the patients. 


served on photographs of the conjunctival 
vessels, was much more pronounced in pa- 
tients with an increase in coagulation ac- 
tivitv after the catheterization than in 
patients who had a decrease in the coagula- 
tion activity (Table n). In the first group, 
increase in sludge occurred in 6 cases during 
the catheterization, whereas this was seen 
only in 2 cases in the second group. The 
mechanism of the changes in coagulation 
activity during cardiac catheter! zation re- 
mains obscure. The influence of the cathe- 
ter material can only be one of several 
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INTRAVASCULAR ERYTHROCYTE AGGREGATION IN 
CONJUNCTIVAL VESSELS IN CORR ELATION TO 
CHANGES IN COAGULATION ACTIVITY AFTER 
CARDIAC CATHETERIZATION 
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factors, and the very marked changes 
found z4 vitro by Bartley eż al! were not 
seen in our group of patients. The stress of 
the procedure and the injury to vessels by 
the introduction of catheters may increase 
the coagulation activity. The degree of 
stress could not be measured, however, and 
there were no obvious differences in the 
degree of injury to the vessels in various 
patients. 

The decrease in coagulation activity, 
noted in nearly 80 per cent of the cases, 
occurred very rapidly after the injection of 
the contrast medium and was maximal in 
5 minutes. This rapid decrease could partly 
be explained by the hemodilution known to 
occur after injection of the hypertonic con- 
trast media into the blood,’ as there was a 
fairly good correlation between the de- 
crease in hematocrit and the coagulation 
activity. The coagulation factors are pro- 
teins, and it is conceivable that the binding 
of contrast medium to them? could tem- 
porally inactivate them. 

A more direct toxic effect of the contrast 
medium on the coagulation factors cannot 
be excluded; however, the rapid return to 
normal values within 4 hours makes 
mechanisms such as proteinbinding and 
hemodilution the more likely explanations. 

In 2 patients with markedly increased 
coagulation activity after catheterization, 
clotting in the catheter occurred. In 1 pa. 
tient the catheter was removed and the 
examination was uneventfully completed 
with a new catheter. In the second patient 
a transseptal teflon catheter became clotted 
and, while it was being removed, the pa- 
tient suddenly developed neurologic symp- 
toms from the fifth and seventh cranial 
nerves on the left side. The symptoms 
were only slight, however, and disappeared 
after 1§ minutes. On examination of the 
catheter, it was found to contain blood 
clots along most of its length. At the tip 
there were small fibrinous clots on the out- 
side of the catheter; it is probable that one 
of these had become detached causing a 
small cerebral embolus. No other complica- 
tions of a thrombotic nature, either coagu- 
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lation in the catheters or thrombosis at the 
site of mtroduction in the peripheral ves- 
sels, occurred. 

It is obvious that a considerable increase 
in coagulation activitv, combined occasion- 
ally wita clinically detectable thrombo- 
embolism, may occur in patients during 
cardiac catheterization. It is difficult to 
predict in which patients this might occur, 
but patients with evidence of increased in- 
travascular aggregation, and particularly 
women, are more prone to develop this 
complication than others. On the other 
hand, the injection of contrast medium in 
angiocardiography generally decreases the 
coagulation activity and thus counteracts 
the increase caused by the catheterization 
procedure. One thus may say that, as re- 
gards the risk of thromboembolism, it 
is hazarcous to perform cardiac catheteriza- 
tion but advantageous to inject contrast 
medium for angiocardiography. 


SUMMARY 


In a series of 38 patients, the coagula- 
tion activity of the blood after cardiac 
catheterization increased in 19 cases (sc 
per cent); decreased in 11 cases (29 per 
cent); and remained unchanged in 8 cases 
(21 per cent). 

Angiocardiography produced a rapid 
decrease in coagulation activity in 29 pa- 
tients (77 per cent). 

The increase in coagulation activity 
after cardiac catheterization occurred more 
frequently in women than in men and was 
correlated to increased intravascular ag. 
gregation but not to other clinical or lab- 
oratory data. 


Department of Diagnostic Radiology 
Universicv Hospital 

Upsala 

Sweden 


REFERENCES 


1, Barriey, O., Fonpperc, L., and Jacossson, B. 
Hypercoagulability produced by catheter ma- 
terkd. To be published. 

2. Byore, L. Osmotic effects of urografin 76 per cen: 
and isopaque 60 per cent in angiocardiography. 


Vor. 102, No. 2 Effect of Angiography on Coagulation 445 


AM. J. RoeNTGENOL.,, Rap. THErapy & Nv- RoENTGENOL., Rap. THERAPY & NUCLEAR 
CLEAR MED., 1966, 98, 922—926. MED., 1962, 87, 338—360. 

3. Korrge, B. A., Farrsairn, J. F., and Davis, 6. Owren, P. A. Ny methode til kontroll av antiko- 
G. D. Complications of aortography. Circula- agulationsbehandling. Tidskr. norske laegefor., 
tion, 1964, 70, 843-847. 1959, 79, 375: 


4. Lana, E. K. Survey of complications of percu- 7. Owren, P. A. Trombotest. Lancet,.1960, 2, 931. 
taneous retrograde arteriography: Seldinger 8. Wirren, T. D., Youuc, W. P., and Gorr, V. L. 


technic. Radiology, 1963, 47, 257—263. Stabilitv of thrombus-resistant graphite-benz- 

g. Lasser, E. C., Farr, R. S., Foymeacany, T., and alkonium-heparin surface in an anti-heparin 
Tapp, W. N. Significance of protein binding of environment. 7. Thoracic I Cardiovasc. Surg., 
contrast media in roentgen diagnosis. Am. J. 1964, 48, 317—322. 


FEBRUARY, 1668 


ENZYME ACTIVITY FOLLOWING ANGIOGRAPHY* 


By DIETER BURCKHARDT, M.D., CESAR A. VERA, M.D., JOHN S. 


M.D., PH.D., and ISRAEL STEINBERG, M.D.f 


NEW YORK, NEW YORK 


LEVATED activity of serum glutamic 
oxaloacetic transaminase (SGOT: ) after 
cardiac catheterization and angiography 
has been reported to occur in 8 to 44 per 
cent of the cases. * An abnormal elevation 
of SGOT after cardiac catheterization was 
noted by Taquini e a/.? in 1 of 13 patients 
undergoing right heart catheterization (8 
per cent), but in 25 per cent subjected to 
transseptal left heart catheterization. A 
significant increase in transaminase activity 
within 24-48 hours was found by Adrouny 
and associates! in 11 of 25 patients (44 per 
cent) undergoing cardiac catheterization 
without contrast medium injection, 7 7 Dene 
transseptal, and in 7 of 21 patients (33 per 
cent) having angiocardiography only. In 4 
patients elevation was not seen until 48 
hours after catheterization or angiography. 
Since SGOT is known to be elevated in 
many disease states other than myocardial 
injury, it 1s possible that liver injury due 
to congestive heart failure or other cause 
might account for the relatively high in- 
cidence of increased SGOT following an- 
giography. The purpose of this study was to 
measure not only SGOT activity but also 
lactic dehy drogenase (LDH), alpha-hy- 
droxy-butyric dehydrogenase (SHBD), and 
creatine phosphokinase (CPK) under sim- 
ilar conditions, since LDH and SHBD are 
less affected by liver cell injury; and CPK 
not at all, 
MATERIALS AND METHODS 
One hundred and thirteen patients 
undergoing angiographv had 818 enzyme 


determinations. All patients were hospital- 
ized during the studv. Patients severely 


ill with heart disease, but without constric- 
tive pericarditis or shock, were studied. 
The activities of serum glutamic oxalo- 
acetic transaminase (SGOT), lactic de- 
hydrogenase (LDH), alpha-hydroxy-buty- 


ric dehydrogenase (SHBD) and creatine 
phosphokinase (CPK) were determined 


just before and 24 hours after the angio- 
graphic studies by usual methods.??-4^5 The 
blood samples obtained from the patients 
were immediately centrifuged and the sera 
kept frozen at —10° C. in the refrigerator 
for up to 3 days, unless the analvses were 
done at once, but all CPK determinations 
were "— out immediately. Normal 
activity by the methods employed were 
£—40 units for SGOT, 100-600 units for 
LDH, 120- 200 units for SHBD and o-12 


2 / 
units for LDH, 201-260 units for SHBD, 
and 13-20 units for CPK. 

The following angiographic procedures 
were performed using techniques previ- 
ously published.** Twenty-nine patients 
had percutaneous intravenous angiocardi- 
ography, 17 patients transtemoral aortog- 
raphy, 9 transaxillar y aortography, 8 trans- 
femoral arteriography, 6 transaxillary ar- 
teriography, 19 selective renal arteriog- 
raphy, 20 selective coronary arteriography, 
12 left ventriculography, 1 right ventricu- 
lography, and 3 inferior vena cavagraphy. 
In contrast to previously reported studies, 
none of the patients in this study had 
transseptal catheterization. The contrast 
media were: Renografin 60 (methylglu- 
camine di atrizoate); Angioconray (sodium 
iothalamate); Hypaque, $0 per cent or 


* From the Department of Medicine, Memorial Hospital, Division of Clinical Investigation, Sloan-Kettering Institute, and the 
Department of Radiology, The New York Hospital--Cornell Medical Center, New York, New York, and the Brookdale Hospital 


Center, Brooklyn, New York. 


This investigation was supported by Public Health Service Research grant HE-01978-11 from the National Heart Institute. 


f Recipient of Career Investigator Award of the Health 


Research Council of the City of New York under contract I-49 and U-1942. 
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Tage I 


PERCENTAGES OF PATIENTS WITH ALTERED ENZYME ACTIVITY AFTER ANGIOGRAPHY 
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SGOT % 

Group 1 

Borderline changes 4.1 

Significant changes — - 
Group 2 

Borderline changes —— 

Significant changes #30 
Group 3 

Borderline changes Sud 

Significant changes v 
Group 4 

Borderline changes £1 

Significant changes uo 
Group 5 27 
Group 6 193 


SGOT = serum glutamic oxaloacetic transaminase; LDH = 
CPK = creatine phosphokinase. 


75 per cent (sodium diatrizoate); or Iso- 
paque (sodium, calcium, magnesium, and 
N-methylglucamine salts of metrizoic acid). 
The amount of contrast material injected 
varied from 20 to 300 ml. per patient. 


RESULTS 


The 113 patients were divided into 6 
groups as listed in Table 1. 

Group 7 included patients with normal 
levels before and ToN or clearly ab- 
normal enzyme activity after the pro- 
cedure. In this group, SGOT was border- 
line in 4 out of 98 patients (4.1 per cent) 
but no patients (Mar significant eleva- 
tion of enzyme activity (over £o U.) after 
the procedure. LDH was borderline in 5 out 
of 105 patients (4.8 per cent) and signifi- 
cantly elevated (over 7oo U.) in 3 patients 
(2.9 per cent). SHBD was borderline in 5 
out of 103 patients (4.9 per cent) and sig- 
nificantly elevated (over 260 U.) in 2 
patients (1.9 per cent). CPK was borderline 
in 3 out of ro4 patients (2.9 per cent) and 
significantly elevated (over 20 U.) in 2 
patients (1.9 per cent). One of the patients 


:"""""-"-"J-A------—-—————————5o5050oÉoo———————— Td 


LDH 95 SHBD 9 CPK % 
4.9 4.9 2.9 
240 149 1.9 
Lo 1.9 0.9 
2 Gg 1.9 
1.9 2.9 2.9 
1.9 2.0 O.G 
0.9 6,8 
9.9 3-9 
36 22.5 20.1 
MU $.5 $.8 


lactic dehydrogenase; SHBD = alpha-hydroxy-butyric dehydrogenase; 


had gangrene of the right foot, which mav 
have contributed to the increased CPK 
activity. 

Group 2 included patients with abnormal 
enzyme activitv before but normal enzyme 
levels after the procedure. Among these 
patients, SGOT was significantly elevated 
(so U. and more) in 2 out of 98 patients 
(2 per cent). LDH was borderline in 2 out 
of 10$ patients (1.9 per cent) and reverted 
from clearly abnormal to normal values in 
3 patients (2.9 per cent). SHBD was 
borderline in 3 out of 103 patients (2.9 per 
cent) and irevemed to 200 U. after the pro- 
cedure, but was significantly elevated in 
I patient returning to 200 U. after the pro- 
cedure (0.9 per cent). CPK was borderline 
in I out of Io4 patients (0.9 per cent) re- 
turning to 12 U. after the procedure. 

Group 3 included patients with abnormal 
enzyme activitv both before and after 
angiography, but with additional elevation 
in activity after the procedure. is out 
of 98 patients (3.1 per cent) « leveloped 
borderline increase in. SGOT activity of 
less than 12 U. LDH activity increased 
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so U. or less in 2 out of 104 patients (1.9 
per cent) and in 2 (1.9 per cent) an in- 
crease in activity of 150 U. or more was 
seen, Insignificant elevation of so U. or 
less of SHBD appeared in 3 out of 103 
patients (2.9 per cent) but an increase of 
60 U. or more was found in 3 patients (2.9 
per cent), one with ly mphoma. An insig- 
nificant increase in CPK activity of 3 U. 
or less after the procedure was seen in 3 
out of 104 patients (2.9 per cent) but a 
significant increase in activity of 22 U. 
was recorded in I patient (0.9 per cent). 
Group 4 showed elevated enzyme ac- 
tivity both before and after the procedure 
although with decrease in activity after 
angiography. In 5 out of 98 patients (5.1 
per cent) there was an insignificant fall in 
toe activity of less than 18 U., but in 
2 patients (2 per cent), there was a de- 
crease in enzyme level of more than 32 U. 
One out of 104 patients (0.9 per cent) 
showed an insignificant fall in LDH ac- 
tivity of 20 U.; and in another patient (0.9 
per cent) there was a decrease in activity 
from 866 to 700 units, which may also be 
insignificant. Seven of 103 patients (6.8 
per cent) showed an insignificant fall in 
SHBD activity of 25 U. or less; but in 4 
(3.9 per cent), there was a decrease in en- 
zyme activity of between 60 and 188 U. 
No patient had elevated CPK before and 
after angiographic procedures and de- 
creased enzyme level after angiography. 
Group 5 included patients with normal 
enzyme levels both before and after angiog- 
raphy, but an insignificant increase in ac- 
tivity was noted 24 hours after the pro- 
cedures. Thirty-seven per cent of the 
patients showed some increase in SGOT 
activity which, however, remained within 
normal limits. The same finding occurred 
in 36 per cent of the patients with LDH, in 
32.2 per cent of the patients with SHBD, 
and in 20.1 per cent of the patients with 
CPK determinations. By definition, there 
was never a significant increase in enzyme 
activity above normal values in this group. 
The changes probably reflect the standard 
deviations of the methods employed. 
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Group Ó lists the patients with normal 
enzyme ievels both before and after an- 
giography, but who had an insignificant 
fall in activity after the angiographic pro- 
cedures. This occurred in 12.2 per cent of 
the SGOT, in 8.7 per cent of the [ DH, i 
5.8 per cent of the SHBD, and in 5.8 i 
cent of the CPK determinations. Again, 
these probablv reflect allowable ranges in 
methodclogy. 


DISCUSSION 


In 113 patients SGOT, LDH, SHBD 
and CPK activities were determined im- 
mediately before and 24 hours after angiog- 

raphy. In 7 7 patients, (6.2 per cent), one of 

the enzvmes was significantlv elevated 
after the angiographic procedures. This 
included 1 patient with lymphoma which 
may be responsible for the SHBD eleva- 
tion, and 1 patient with gangrene of the 
toot, which may have contributed to the 
elevated CPK activity. If they are ex- 
cluded, only 5 or 4.4 per cent of 113 
patients showed significant increased ac- 
tivity of one enzyme. Three patients (2.7 
per cent), had a significant elevation of 
two enzymes, but none had increased ac- 
tivity of three enzymes. Underlving dis- 
ease, angiographic procedures, amount of 
contrast media, and enzyme activities of 
the 1o patients are listed in Table 11. No 
correlation was found between changes in 
enzyme activity and the various diagnoses, 
type of angiographic procedure, radi- 
opaque medium employed, or the quantity 
of contrast agent injected. 

None of the patients with significant en- 
zvme changes developed abnormal electro- 
cardiographic changes during the period of 
this studv and none had a major complica- 
tion durmg angiography. Significant. also 
was the fact that none of the 20 patients 
undergoing selective coronary  arteriog- 
raphy exhibited increase in enzyme activity 
above the normal range. 

Ot the enzymes studied no significant in- 
crease in SGOT activity was found in any 
of the patients. Significant increase in LDH 
activities was noted in 4.8 per cent as well 
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Taste H 
SUMMARY OF PATIENTS WITH SIGNIFICANT INCREASE OF ENZYME ACTIVITIES AFTER ANGIOGRAPHY 
à fedium| SGOT | LDH | SHBD CPK 
Patient Diagnosis | Procedure pucr | ee ee er M NE 
| i | Pre | Post | Pre | Post | Pre | Post | Pre | Fost 
nin bine oh Ysa eninge tin Pi | se atin dito sp et i ike cm A N e RA PET T AAN pe ——— M mmn nnne poesie. 
1 n MS, MI, | Intravenous angiocardiography, 63 Angioconray | 21 47 | 566 | ro" | 197.4 | 197.4 | 20 | 83 
; percutaneous | 
i i i f i 
2 RHD, MS, MI | Intravenous angiocardiography, | 100 Angioconray | 36 38 610 | Sa0* | 386.4 | 430.8*| o | o 
percutaneous i | | | i 
3 Hypertension | Aortography, retrograde transfem- | 55 Hypaque 50% | 30 I4 | 430 | á8o* | 188.8 | 394.6*] 12 | 12 
oral; selective renal arteriography | 75 Hypaque 75% i | | | 
i f : | 
4 RHD, MS, MI | Intravenous angiocardiography, 6o Angioconray Go S4 460 j1,000* | 166 | 360° | o j| o 
percutaneous } | | | | | 
i i f 
5 Abdominal Aortography, percutaneous trans- | 200 Hypaque 50%] 20 | 34 400 | 500 188 | 200 | 26 | 48* 
aneurysm axillary 75 Hypaque 7592! l ! i | (hemolized) | | 
RHD, AS, AI i | | | | | | i 
i i | i i | i . 
6 Abdominal Intravenous aortography, 3o Hypaque 5095 22 | 4s 460 | 580 | 258.8 | 252 | o sá* 
aneurysm percutaneous 6o Angioconray | | | | 
H t 
7 Pulmonary Intravenous angiocardiography, 40 Isopaque 19 — | 610 | 660 | 293.8 | 452* | 10 18 
emboli percutaneous transfemoral | i | | 
j | i i 
8 RH D, MS, MI | Aortography, supravalvular, 70 Hypaque 75% | 48 | sr 666 | $20* | 442 442 o o 
percutaneous transaxillary | 3o Hypaque 50% | | | 
T Lymphoma Arteriography, selective renal | 53 Hypaque 75% | 20 27 9oo | 88o | 440 $20* | o | o 
| 3 Hypaque 50% | | | | 
| | | MEN 
10 Gangrene of Arteriography, femoral, via | 3o Renografin 6o | 25 22 340 | 420 | 18o 166 | 5 | 26 
| | | | 


foot percutaneous transfemoral 








SGOT =serum glutamic oxaloacetic transaminase; LDH =lactic dehydrogenase; SHBD =alpha-hydroxy-butyric dehydrogenase; CPK =creatine 
phosphokinase. RHD -rheumatic heart disease; MS «mitral stenosis; MI-mitral insufficiency; TÍ-tricuspid insufficiency; AS aortic stenosis; 


Al =aortic insufficiency, | 
* The asterisks and italics denote significant changes in enzyme level, 


as in 4.8 per cent for SHBD. CPK activity 
rose significantly in 2.9 per cent. One of the 
patients with significant SHBD elevation 
had active lymphoma and 1 with sig- 
nificant increase in CPK activity had 
gangrene of the foot. Poorly understood 
was the observed significant decrease of 
SGOT activity after angiography in 3.1 
per cent, of LDH in 3.8 per cent, and of 
SHBD activity in 4.8 per cent. 

Part of the elevations in SGOT, LDH 
and SHBD activities could be due to 
centrolobular liver injury due to congestive 
heart failure, and part of increased CPK 
activity to skeletal muscle damage. Hemol- 
ysis of minor degree may have been re- 
sponsible for increases in LDH and SHBD. 
It is possible that minor and transitory 
SGOT or CPK elevations developed before 
blood samples were taken 24 hours after the 
procedure. 

After the angiographic procedures, more 
patients showed an insignificant increase 
In enzyme activity without exceeding the 


normal range than showed a decrease in 
enzyme activity. These changes in enzyme 
levels are probably of no importance since 
all activities remained within the normal 
range. 


SUMMARY AND CONCLUSIONS 


No significant increase in SGOT was 
observed following angiography in a series 
of 113 patients undergoing intravenous and 
selective studies. A significant rise of LDH 
or SHBD activity occurred in 4.8 per cent 
and of CPK in 2.9 per cent of the cases 
including 1 patient with lymphoma and 1 
with gangrene. SGOT and SHBD, on the 
other hand, showed a significant decrease 
in activity after the procedure 1n a higher 
or equal percentage. Some of the eleva- 
tions in LDH and SHBD activity may 
have been due to liver cell injury or un- 
detectable hemolysis. 

From the above, CPK seems to be the 
enzyme of choice for testing minor myo- 
cardial cell injury, providing there is no 


- 


concomitant skeletal muscle damage. In 
only 2 of 104 patients having CPK deter- 
mination or 1.8 per cent was there a sug- 
gestion of heart muscle cell injury follow- 
ing angiography. None of the 20 patients 
undergoing selective coronary arteriog- 
raphy showed changes in enzyme activity 
above the normal range. 

From these studies, it would appear that 
enzyme activitv 1s not greatlv altered by 
angiography via the intravenous and selec- 
tive routes. The total incidence (7.1 per 
cent when I patient with lv mphoma and 1 
with gangrene are excluded) and degree of 
enzyme elevation found in this study were 
less than in previously reported series. This 
may be due in part to the fact that none 
of the patients had the trauma associated 
with transseptal catheterization and fur- 
thermore, the total duration of our angio- 
graphic procedures were less, since they did 
not include right and left heart catheteriza- 
tion. 


Israel Steinberg, M.D. 

The Brookdale Hospital Center 
Linden Boulevard at Brookdale Plaza 
Brooklvn, New York 11212 
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CLINICAL EXPERIENCE WITH A NEW ANGIO 
GRAPHIC CONTRAST MEDIUM SODIUM/ME- 
GLUCAMINE IOTHALAMATE 78 PER CENT* 


By JOHN H. FOSTER, M.D., 
and EUGENE €. 


NASHVILLE, 


HE ever increasing clinical utilization 

and application. of contrast angiog- 
raphy in the study of a wide variety of 
disease conditions dictates a continued 
search for safer and more satisfactory an- 
giographic contrast media, Previous re- 
ports from this laboratory have docu- 
mented the fact that sodium 1othalamate 
80 per cent (angio-conray) and 1:2 sodium/ 
N-methyl glucamine diatrizoate 9o per 
cent (hypaque M-go) are the least toxic of 
the currently available concentrated angio- 
graphic contrast media, ?*5 Even so, in 
experimental animals each of these medi ia 
produces easily demonstrable neurotoxic 
and nephrotoxic effects. In a recent experi- 
mental study, using standardized toxicity 
tests, 1:2 sodium/N-methyl glucamine 
diatrizoate go per cent was compared to 
1:2 sodium/N-methyl glucamine tothala- 
mate go per cent. In equivalent solutions 
the iothalamate preparation proved to be 
less toxic than the diatrizoate preparation 
as regards neurotoxicity, nephrotoxicity 
and cardiopulmonary toxicity.t These re- 
sults prompted a clinical trial with 1:2 
sodium/ N-methyl glucamine 10thalamate 
78 per cent. This medium had the experi- 
mental designation MP 3064, and has been 
named cardio-conray. The 78 per cent 
solution containing 4oo mg. I/ml. was 
chosen for clinical application because 
it provides optimum balance between 10- 
dine content, viscosity and meglucamine 
content of the solution. We have used 
sodium/meglucamine iothalamate 78 per 
cent to perform 338 angiographic studies in 
311 patients. Our experience prompts us to 
suggest adoption of sodium /meglucamine 
iothalamate 78 per cent as the contrast 
medium of choice whenever a concentrated 
medium is required. 





HENRY C. BURKO, M.D., 
KLATTE, M.D. 


TENNESSEE 


CASE MATERIAL AND METHODS 


The 338 angiographic studies were done 
in 311 patients. They ranged in age from 
4 to 77 years, the majority (80 per cent) 
being in the third to the sixth decade of 
life. Table 1 lists the variety of angio- 
graphic procedures performed, the number 
of injections of contrast medium and the 
dosage range per examination. The vast 
majority of the procedures employed the 
Seldinger technique for percutaneous inser- 
tion of a No. 6,7 or 8 French teflon catheter 
via a femor al or axillary artery into the 
thoracic or abdominal aorta. Venocavogra- 
phy and right heart angiocardiography 
were performed by the same technique via 
a femoral vein. Eight of the abdominal 
aortographies were done by the translum- 
bar technique. Selective coronary arteriog- 
raphy was done with Sones catheters 1n- 
serted via an axillary artery. Those pro- 
cedures listed as thoracic and abdominal 
aortographies (2 injections) involved first a 
60 ml. injection in the ascending thoracic 
aorta then a 45-60 ml, injection in the up- 
per abdominal aorta. Frequently a third in- 
jection was made at the aortic bifurcation 
to demonstrate the iliac-femoral-popliteal 
arterial system, Injections into the aorta, 
vena cava, left or right heart were done 
with a Cordes pressure injector set at 500~ 
600 pounds per square inch. Selective 
coronary and visceral arteriography was 
done by manual injection. Premedication 
generally consisted of secobarbital, 100 mg., 
injected intramuscularly 1 hour belore the 
procedure, and meperidine, 100 mg., In- 
jected intravenously immediately before 
insertion of the catheter. In general, selec- 
tive arteriography involved multiple i injec- 
tions of the contrast medium (2 to 4 injec- 


* From the Departments of Radiology and Surgery, Vanderbilt University School of Medicine, Nashville, Tennessee. 
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TABLE I 


VARIETY AND NUMBER OF ANGIOGRAFEIC STUDIES 


PONANA i He PCT tette ets imis RR emi IS IIS i a t aem A A, ods Met Wor AES AAA enm, 


APRA aane ya PS I ER PPAR aA 
MUTET TRI Mit iE Hierro ise en Merit a ts HIT AA aia SP dra n E AAAA eeaeee TRE IN DON MR ER MER E E 


Abdominal aortography 
Thoracic aortography 
Thoracic and abdominal aortography (2 injections) 
Selective coronary arteriography 
Coronary arteriography (aortic iniection) 
Venocavography 
Selective angiography 
Selective viscera] arteriography 
Splenoportography 
Totals 


tions) into the selected artery. A single in- 
jection of 45-60 ml. of contrast medium 
was generally the rule in the aortic studies; 
however, two or more injections of the full 
dose of medium were performed in 14 of the 
abdominal aortographies, 8 of the thoracic 
aortographies and 5 of the combined 
thoracic and abdominal aortographies. The 
results of each angiographic procedure 
were graded as to quality of the study. The 
patient reaction to the procedure was care- 
fully evaluated. Systemic blood pressure 
was recorded before and after each proce- 
dure. The electrocardiogram was moni- 
tored in intracardiac, coronary and aortic 
root injections. Pre- and serial postangio. 
graphic laboratory studies consisting of 
urinalysis, white blood cell count, hemat- 
ocrit, hemoglobin, serum transaminases, 
serum bilirubin and serum creatinine were 
obtained 1n the first 60 patients studied. 


RESULTS 


The roentgenographic quality of the 
angiographic studies was graded as good to 
excellent in each case. Generally, there was 
slightly less density of opacification than is 
obtained with sodium iothalamate 80 per 
cent and better opacification than is ob- 
tained with 1:1 sodium N-methyl gluc- 
amine diatrizoate 69 per cent (renovist), 
N-methylglucamine diatrizoate 76 per cent 
(renografin), or 1:2 sodium N-methyl glu- 
camine diatrizoate go per cent and 75 per 
cent (hypaque). 

Many of the patients displayed a signifi- 


ee ee ren Att At AC neat te P Pn rji s Mr I9 MATIN I rei MIRA A ri REA M VP VAAT aa A ERU RT i rr 


NURIA Pas ara ueris PII PV Y IIT M e III A 


No. of No. of Dosage Range 
Studies Injections per Examination 
176 190 60-160 ml. 
43 gi s0-200 ml. 
20 45 locare mb 
i 32 14-250 ml. 

16 z 6o10 ml. 
19 24 40-180 ml. 
18 2 30-160 ml. 
Ky, 76 20-180 ml. 

2 2 24-30 ml. 

339 473 


cant decrease in systemic blood pressure 
following intravenous administration of 
100 mg. of meperidine hydrochloride; how- 
ever, there were no significant changes in 
blood pressure following contrast medium 
injection. The serial hematologic and other 
laboratory studies performed in 60 patients 
showed no significant alterations in any 
patient, 

Most of the patients had a transient 
flushing and warmth following injection of 
the contrast medium. Pain at the injection 
site of slight to moderate degree was noted 
in 38 per cent of the patients; however, this 
was transient and subsided within a few 
seconds. Other minor reactions were nausea 
in 38, emesis in 5, headache in 22, dyspnea 
in 14 and dizziness in 3. Transient cardiac 
changes consisting of extrasystoles or 
bradycardia were noted in 4 patients. Four 
patients ceveloped hives which responded 
promptly to intravenous diphenhydramine 
hydrochloride. 

One patient had a complication which 
may have been related to the contrast 
medium. A 52 year old woman underwent 
coronary arteriography by means of an 
aortic root injection of 60 ml. of the con- 
trast mecrum. The catheter tip was located 
in the ascending aorta 2 cm. above the 
aortic valve. Following the injection she 
complained of a transient headache. Five 
minutes later, after the headache had 
subsided, a second injection of 40 ml. of the 
contrast medium was made. The headache 
recurred and lasted 15 minutes. Upon re- 
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turn to her room she had equal strength in 
her arms and legs and there were no gross 
neurologic deficits. Several hours later right 
sided paresthesias and dysarthria were 
noted. Neurologic examination indicated 
partial brain stem thrombosis. The speech 
defect cleared within 24 hours, but gross in- 
coordination of the right arm and leg per- 
sisted. She improved over the next 2 weeks 
at which time she was discharged from the 
hospital. At that time neurologic examina- 
tion revealed persistent clumsy gait, absent 
position sense of right great toe, a Babinski 
sign on the left and mild incoordination 
of the right hand. Electrocardiograms 
throughout this patient’s hospital stay 
consistently revealed myocardial ischemia, 
as was true before the arteriographic study. 
During the 2 days prior to arteriography 
she required meperidine, 25-50 mg. 3 to 4 
times dailv for relief of angina. A causal re- 
lationship between the arteriographies and 
this patient’s brain stem injury seems un- 
likely but cannot be excluded. There were 
no other complications in this series of 338 
angiographic procedures which could con- 
ceivably be attributed to the contrast 
medium. Two patients did have thrombotic 
complications secondary to arterial injury 
from a catheter. 


DISCUSSION 


At the present time, contrast angio- 
graphic procedures requiring concentrated 
media are usuallv done with either the 
diatrizoate salts (hypaque M-go, hypaque 
75 per cent, renovist 69 per cent, renografin 
76 per cent) or the iothalamate salts (an- 
gio-conray or conray 400). Experimental 
toxicity studies have clearly shown that in 
equivalent solutions, the iothalamate salts 
have less neurotoxicity, less nephrotoxicity 
and less cardiopulmonary toxicity than the 
diatrizoate salts.* Other recent studies have 
indicated that the N-methyl glucamine salt 
media may be safer than sodium salt media, 
especially in the coronary circulation. 
These observations led to the present clin- 
ical study of a sodium/meglucamine iothal- 
amate which in salt composition resembles 
hypaque M-go, hypaque 75 per cent and 
renovist 69 per cent. In equal dosage the 
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iothalamate preparation gave better radio- 
pacification than the diatrizoate sodium 
/meglucamine media. The most striking 
feature was the patient reaction following 
injection. In equivalent dosage sodium 
/meglucamine iothalamate 78 per cent 
caused far less pain or patient discomfort 
than angio-conray or the diatrizoate me- 
dia. In the thoracic aorta there was virtu- 
ally no patient discomfort and in the ab- 
dominal aorta the pain experienced was far 
less than with the other contrast media 
mentioned above. 

The one complication encountered did 
not appear to be related to the contrast 
medium. During the period from Septem- 
ber, 1962 to May, 1966, we encountered 
neurologic reactions in 12 of some 200 pa- 
tients undergoing thoracic aortography 
with concentrated contrast media. In each 
instance the neurologic reaction became 
apparent within a few seconds to a few 
minutes following injection of the medium. 
For the most part the reaction consisted of 
a grand mal seizure lasting a few seconds up 
to a minute and without evidence of any 
neurologic deficit thereafter. In 2 of the 
patients the seizure was followed by a coma 
of 12 to 24 hours duration and then bv 
motor neurologic deficits which cleared 
completely in 3 to 4 days. None of the 
patients developed | neurologic deficit 3 to 4 
hours after angiography. In the complies 
tion encountered in the present study 1t is 
dificult to believe that sufficient contrast 
medium could enter the vertebral circula- 
tion following an aortic root injection to 
cause brain stem injury. A much more 
likely explanation, in this patient, would be 
hypotension secondary to profound myo- 
cardial ischemia due to coronary arterio- 
sclerosis. It might be argued that myo- 
cardial ischemia might have been the result 
of the coronary arteriography. Again, if 
this were so, it should have been apparent 
in a few minutes rather than a few hours 
later. Despite a single possible exception, 
use of 1:2 sodium/N-methyl glucamine 
lothalamate 78 per cent in 338 examina- 
tions has been devoid of significant com- 
plication. We believe that it will become 
the medium of choice for all angiographic 


454 John H. Foster, Henry C. Burko and Eugene C. Klatte  Feseuarv, 1968 


procedures requiring a concentrated con- 
trast medium: thoracic and abdominal 
aortography,  angiocardiographv, veno- 
cavography, coronary arter iography and 
selective visceral arteriogr aphy. It pro- 
vides excellent visualization, minimum dis- 
comfort, and a wide margin of s safetv. 


SUMMARY 


A new formulation of iothalamate salts, 
1:2 sodium/N-methyl glucamine iothala- 
mate 78 per cent, has been tested cli nically 
in the performance of 338 angiographies in 
311 patients, The results prompt us to 
believe that this new medium will become 
the agent of choice for all angiographic 
procedures requiring a concentrated con- 
trast medium. 


]ohn H. Foster, M.D. 
Department of Surgery 
Vanderbilt University 
School of Medicine 
Nashville, Tennessee 37203 
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LYMPHOGRAPHY IN CHYLURIA* 


By P. RUBEN KOEHLER, M.D., TZE-CHUN CHIANG, M.D., CHIN-TZER LE 





L M.D., 





KAI- CHYR CHEN, M.D., and KUANG- YAO CHEN, M.D. 


HYLURIA, the passage of lymphatic 

fluid in the urine is invariably asso- 
ciated with lymphatic abnormalities. The 
recently developed diagnostic examination, 
lymphogr aphy, was utilized in patients 
with this disease process. Lymphographies 
were performed 1n two teaching hospitals 
affiliated with the National Defense Medi- 
cal Center, Taiwan, the Veterans General 
Hospital and the 801 Army General Hospi- 
tal. Fifteen patients with chyluria were 
examined. The purpose of this report is to 
describe the roentgenographic findings as 
seen on the lymphograms, review other 
case reports and discuss the etiology, 
pathogenesis, clinical findings and therapy 
of chyluria. 


HISTORICAL NOTES 


A disease in which milky urine is ex- 
creted has been described by Hippocrates, 
Galen and Pheophile.!*? Morgani was the 
first to associate the disease with the ab- 
normalities of the lymphatics. In. 1862 
Carter*^ formulated the theory that chy- 
luria is caused by rupture of a lymphatic 
varix into the urinary tract. Ackerman? in 
1863 explained the development ot chyluria 
on the basis of a mechanical obstruction of 
the lymphatics between the intestines and 
the thoracic duct. This theory still prevails. 
In 1868 Wücherer?? showed the relation- 
ship between filariasis and the tropical 
form of chyluria. In 1872 Lewis?" demon- 
strated the embryo of a nematode in a pa- 
tient with chyluria and called attention to 
the close relationship between the presence 
of chyle in the urine and elephantiasis. In 
1882 Mckenzie,” during an autopsy, dem- 
onstrated the intimate relationship of 
lymphatic ectasia and the urinary tract. 
Manson" in 1901 suggested that lymphat- 
ico-venous communications may relieve 


chyluria. In 1913. Bloch‘ observed cysto- 
scopically a stream of chyle arising from a 
ruptured lymphatic varix within the urin- 
ary bladder. Abnormal communications 
between the urinary tract and the lymph 
vessels were demonstrated by means of a 
retrograde pyelogram in 1934 by Abeshouse.! 
In 1963 Servelle e¢ a/ reported cases in 
which the lymphatics of patients with chy- 
luria were demonstrated by lymphography. 
Since that time several additional case re- 
ports have appeared in the English litera- 


sper 


ture 5,8,42,14,15,27,29,93,35 


ETIOLOGY 


Chyluria may be associated with a var- 
iety of diseases. The tropical form is most 
commonly associated with Filaria ban- 
crofti. Other parasites such as Eustrongylus 
gigas, Taenia echinococcus, Taenia nana 
as well as malaria, ascariasis and bilharzi- 
asis have been found in patients with 
chyluria. 9259? The parasites often occur in 
areas where filariasis is common so that 1t is 
dificult to be certain which of them are 
responsible for the development of the 
chyluria. It is not always possible to dem- 
onstrate Filaria in the blood or urine. It 
has been shown that the skin test in filaria- 
sis mav become negative in patients with 
known filariasis. Therefore, the absence of 
larvae in blood or urine does not rule out 
Filaria as the etiologic agent.? The larvae 
of Filaria bancrofti are transmitted to the 
human by mosquitoes. It is not known if 
the larvae gain entrance through the mos- 
quito bite or penetrate the adjacent skin. 
The parasites have an affinity for the 
lymphatic system. They migrate into the 
large lymphatic vessels and nodes where 
they reach maturity. The living worm us- 
ually causes diffuse endolymphangitis with 
lymphocytic and eosinophilic infiltration 


* From the Department of Radiology, National Defense Medical Center, Taipei, Taiwan, Republic of China and the Edward Mal- 
linckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 


45 


m 


2 


456 


and fibroblastic proliferation. The more 
serious damage occurs upon death of the 
parasite when a granulomatous inflamma- 
tory reaction is provoked. The walls of 
lymphatic vessels swell from edema and 
eosinophilic infiltration. Central foci of 
necrosis follow and finally this is replaced 


by fibrous tissue. When the number of 


worms is large, lymphatic obstruction may 
result. 

Filariasis occurs in endemic areas. These 
include the tropical and subtropical coun- 
tries of Asia, Africa, Australia and America, 
particularly along the seacoast and the 
neighboring islands. It is not uncommon in 
Puerto Rico and most of the case reports in 
the American literature have originated 
there. 

The nontropical form of chyluria is us- 
ually associated with a process which is 
believed to cause stenosis or obstruction of 
the thoracic duct. The variety of etiologies 
associated with this form includes malig- 
nancies—especially those which involve 
the retroperitoneum, chronic inflammatory 
disease such as tuberculosis, abscesses, 
trauma, pregnancy, and aneurysm, 17.94 
32,84,37,39 A case of chyluria developing only 
during the period of menstruation has also 
been recorded.!? 


CLINICAL FINDINGS 


Since chyluria is only a symptom and not 
a disease, the clinical findings will depend 
on the primary cause. 

The onset is usually sudden, often asso- 
ciated with trauma or straining.? Many 
patients complain of high back pain and 
lassitude. Abdominal discomfort is not in- 
frequent. Renal colic may occur if blood 
clots accompany the chy luria. The presence 
of blood in the urine is common. The dura- 
tion of chyluria is rarely more than 2 weeks 
and in the majority of the cases it lasts less 
than a week. The attack may cease as 
dramatically as 1t started but recurrences 
are very frequent. 

The character of the urine is typical. 
In chyluria without associated hematuria 
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the urine appears milky. This haziness 
can be cleared by shaking the urine with 
ether or chloroform. Another simple test 
is ingestion of butter colored by Sudan III 
which in the presence of chyluria will 
result in a bright orange color of the urine. 


TREATMENT 


Antifilarial drugs may be used in the 
endemic areas. The chyluria itself has 
been treated by lavage of the bladder 
and/or renal pelvis with silver nitrate 
solutions. Surgical strippings of renal 
pedicle lymphatics has also been advocated. 
The results are difficult to evaluate since 
spontaneous remissions are common. 

It is beyond the scope of this paper to 
describe the clinical findings and therapy 
in detail. The interested reader is referred 
to excellent articles by Yamauchi?? and 
Ray and Rao? in which these findings are 
discussed. 


ROZNTGENOGRAPHIC FINDINGS 


The reentgenographic findings in the 
17 cases published in the English literature 
and in our 15 patients are summarized in 
Table r. 

Intravenous urography rarely reveals 
any abnormality, but reflux and intrarenal 
extravasation may be seen. In patients 
who uncergo retrograde  pyelographv, 
pyelolymphatic backflow is often readily 
demonstrzted. It 1s of interest that there is 
little correlation between the retrograde 
pyelographic findings and the lympho- 
gram in demonstrating the degree of 
involvement, że. one may find more ad- 
vanced changes on one side by retrograde 
py elography, while on the ly mphographic 
examination, done at the same time, the 
other side may appear more severely 
involved (Table 1). 

The most striking changes seen on 
lymphography are the moderate to marked 
Increase ir. the number and size of the 
pelvic anc retroperitoneal vessels (Fig. 
14). These vessels are E and local 
dilatation may reach several millimeters in 


Vou. 102, No. 2 


diameter (Fig. 2). Emptying time may be 
markedly delaved. In contrast to the 
normal examination in which the vessels 
empty within a few hours, chyluria pa- 
tients may take several days to clear their 
lymphatics of contrast material. When 
associated with elephantiasis, dermal back- 
How and large tortuous vessels are seen 
in the involved extremities. This involve- 
ment may be uni- or bilateral. Similar 
patterns are found in the genitalia (Fig. 3). 
A significant decrease in the number of 
visualized lymph nodes is a fairly consis- 
tent finding. This is particularly marked in 
the retroperitoneal area (Fig. 15). In 
our patients there was a definite correlation 
between the degree of decreased filling 
of the lymph nodes and the increase in 
size, tortuosity, and number of lymph 
vessels. 

The left kidney was more often involved, 
and when both kidneys were affected 1t was 
usually the left one which showed more 
pronounced changes (Fig. 4). In several 
instances a "halo" of dilated lymphatic 
vessels surrounded the minor calvces (Fig. 
5; and 6, 4 and B). Possibly these are the 
vessels which discharged chyle into the 
urinary tract. The contrast medium may 
remain in these intrarenal vessels for long 
periods of time. One of our patients re- 
tained oil in the kidnevs for more than 2 
months after lymphography. Contrast me- 
dium was noted to be in the urinary bladder 
in several patients (Fig. 7, 47 and B). In 
these patients oil was also identified in the 
renal pelvis. We, therefore, feel that the 
contrast medium reached the bladder via 
the renal pelvis and ureter. We found no 
direct lymphatic communication with the 
bladder. 

In none of our patients was the thoracic 
duct obstructed and we were able to 
visualize it in most patients (Fig. 8, Æ 
and B). The only abnormalities seen were 
in I patient with retrograde flow to the 
axilla. This patient had a duct which was 
widened in its most cranial part (Fig. 9). 
In another patient, the thoracic duct 
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Fic. 1. Case xiv. Roentgenograms of a 40 year old 
male with a 1o year history of hemochyluria oc- 


curring several times yearly. Examination for 
filariasis was negative. Patient's wife and sons had 
chyluria. (4) Lymphogram demonstrates an in- 
crease in number and tortuosity of the pelvic 
lymph vessels. (B) Twenty-four hours following 4. 
The vessels are empty. Note the marked decrease 
in number of pelvic and retroperitoneal lymph 
nodes. This is a typical and fairly consistent find- 
ing in patients with chyluria. 


emptied into the veins through multiple 
small channels instead of the commonly 
found single channel. 

Abnormal thoracic ducts were described 
by Servelle eż al.” in 3 patients with non- 
tropical chyluria. 


Collateral channels to lymph flow are 
not rare, They are primarily along the 
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Kittredge ef af 


banana Case I 


Case mn 


Servelle ef ai Case 1 


(nontropical, 
post trauma) 


Case n 


Case ui 


Case Iv 
(nontropical 
infection} 


Case v 
(nontropical 
post infection) 


Ortiz el ad? Case I 


Case J 


Kishimoto ef aft 


Choi et al? 
Callahan et 415 
Case t 


Ishida et af? 


Case n 


Pomerantz and 
Jones* 


Schield r? af. 


Koehler ef al.* | 
Case I 


Case H 


* This communication. 


Pelvic and 
Retroperitoneal 
Lymph Vessels 


Massive dilatation 
suggesting anasto- 
mosis with bladder 


Slight dilatation 
and tortuosity 


Extensive dilata- 
tion and collaterals 


liac and vulvar 
vessels are tortu- 
ous and enlarged 


Increase in num- 
ber 


Some increase in 


size 


Poplitealand thigh 
vessels abnorma 


sinusoid in right 
lower extremity; 
increased in pelvis 


Distended 


Dilated and in- 
creased 
Distended and 


slightly increased 


extensive dilata- 
tion still present 
after 24 hours 


Same increase 


Extensive dilata- 
tion; increase in 
number and size 


dilata- 
in 


Extensive 
tion; increase 
number and size 


Normal 


Increased number, 
width and tortu- 
osity; delayed 
emptying 


Dilatation, tortu- 
osity with "'vari- 
cosity" — appear- 
ance from inguinal 
up to renal region 


*"Varicosity" ap- 
pearance with tor- 
tuosity and dila- 
tation 


Hanh tatem nant t M mtn ne inei OIA S e Ma ete Mn ete A AB ATP RIN eels emis n 


Pelvic and 
Abdominal 
Lymph Nodes 
Not demonstrated 
in retroperitoneum 

or pelvis 
Fewer than normal 


Very few lymph 
nodes 


Not stated 


Not stated 


Essentially normal 


Tortuous; nme 
creased in size and 
number; many ab- 
normal vessels in 
left lumbar area 
leading to inter- 
costal vessels 


Not stated 


Decreased 


Decreased 


Increased 


Poorly filled 


Slightly decreased 


Not stated 


Decreased 


Slightly decreased 
lymph nodes in 
left iliac chain 


None seen on 24 
hour study 


Markedly de- 
creased; most pro- 
nounced in retro- 
peritoneum 


Markedly de- 
creased 


Lymphatics 
of the 
Kidneys 


Mua NM CEPR Ae ATT me ECL re ee RA NUMA gh pel tI AL ee IRIE dns AAA AAs 


More on leit 


More on left than 
right 


More on left than 
right; calyces out- 
lined with contrast 
medium 


Not stated 


Kidneys equally 
involved; contrast 
medium filling 
rght renal pelvis 


Somewhat more 
on nght than leit 


Only left filled 


Filling only on left 


Very prominent 


More on left 


Leftinvolved more 
than right 


Left slightly more 
involved 


Right significantly 
more involved 
than left 


Leit slightly more 
involved than right 


Right more in- 
volved than left; 
calyces filled with 
contrast medium 


Extensive — com- 
munication on left 


Right significantly 
more involved 
than left; illing of 
calyces on right 


Bilateral involve- 
ment, more on left 


Bilateral. involve- 
ment, more on left 


Seen filled on 96 Ethiodol found in 


beur study 
Jormal dower) 


Somewhat dilated 


Biocked at lower 
ard, To; widened 
up to that point 





Marked tortuosity 
ard dilatation up 
wo T7; anastomosis 
wth intercostal 








completely 
eed; lacy mesh 
alang post-thoracic 
wall probably due 
t» thoracic duct 
obstruction 





Narmal to T4 then 
eonversion — into 
sinusoldal mesh 


Fled on roentgen- 


agrams; appears 
parmal 
Filed on roent- 


genograms; ap- 
pears normal 
Not visualized 
Nos. seen 
Patent 
Pacent 
Parent 
No stated 
Normal 


Aet well demon- 
strated 


urine 


Retrograde 
Pyelography 


Reflux on right 


No definite reilux 


Pyelolymphatic re- 
flux on left 


Extensive pyelo- 
lymphatic reflux or 
night, less on left 
Marked pyelo- 
Iympbatic redux 

Ethiodol found in No reflux 

bladder 
Pyelolymphatic re- 
lux, more pro- 
nounced on left 

Contrast — medium 

still seen 26 days 

after injection on 

left; contrast me- 

dium seen in blad- 

der 
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Pelvic and Pelvic and Lymphatics Riise 
Author Retroperitoneal Abdominal _ of the Thoracic Duct Remarks Puclo EA hy 
Lymph Vessels Lymph Nodes Kidneys FERE 
Case ri Dilatation, tortu- Decreased Bilateral invelve- Normal Contrast medium 
osity (varicose) in ment, more on left seen in bladder 
peuaortic reglon 
(La-La) 
Case iv. Normal appear- Slightly decreased, Pericalyceal ves- Normal 
ance of lymphatics particularly in sels seen 


Case v 


Case v1 


Case vil 


Case VHI 


Case IX 


Case X 


Case XI 


Case XH 


Case Xt 


Case XIV 


retroperitoneal vessels and along the inter- 
costal routes. As in all cases of lymphatic 
obstruction, retrograde flow into dermal or 
deep pelvic lymphatic plexuses may be 


found. 


The classical and most widely accepted 
theory on the pathogenesis of chyluria, 
the one quoted in practically every publi- 


and lymph nodes 


Tortuosity and 
dilatation at Lir- 
L3, on the left side 


Early roentgeno- 
gram unavailable 


"VMaricosity" ap- 
pearance in left 
renal pedicle; in- 
crease in size and 
number 


“Varicosity — and 
pooling" but total 
number only slight- 
ly increased 


Marked “varicas-~ 
ity and pooling" of 
contrast material! 
in renal pedicle 


Marked — varicos- 
sity; number and 
size of vessels in- 
creased 


Tortuous and dila- 
tated lymph ves- 
sels in inguinal 
region and pelvis 


Peripelvic com- 
munication, with 
tortuous vessels 


Dilatation and 
pooling in peri- 
aortic region, more 
on left 


Pelvic and peri- 
aortic lymph ves- 
sels marked; vari- 
cosity 


Increased in nun- 
berand size of ves- 


sels; varicosity 


DISCUSSION 


retroperitoneum 


Normal 


Decreased in retro- 
peritoneum: nor- 
malin pelvis 


Slightly decreased 


Decreased 


Decreased in peri- 
aortic region; fairly 
normal in pelvis 


Decreased in pel- 
vis; almost absent 
in re£roperitóneum 


Markedly 
decreased 


Normal 


Decreased 


Decreased 


Decrensed 


Bilateral involve- 
ment 


Bilateral involve- 
ment, more on left 


Filling only on left 


Bilateral involve- 
ment 


Bilateral involve- 
ment 


Bilateral. involve- 
ment, left more 
than right 


Bilateral involve- 
ment 


Bilateral involve- 
ment 


Bilateral involve- 
ment, more on left 


Pericalyceal in- 
volvement of right 
kidney 


Bilateral involve- 
ment, more on left. 


Minimal tortuosity 
(normal variant? 


24 hour study 


Not well seen 


Normal 


Normal 


Normal 


Normal 


Normal 


Normai 


Tortuous and di- 
lated 


Normal 


With intravenous 
pyelography — the 
contrast medium 
is seen in vessels 
surrounding — the 
minor calyces 


Filling of vessels in 
area of genitalia 


Contrast medium 
seen in bladder 


Tortuous thoracic 
duct; both supra 
and infraclavicular 
and axilary lym- 
phatics on left side 
are visualized; at 
6s day follow-up, 
contrast medium 
still present in 
right kidney 


cation on chyluria, was advanced 
Ackerman.’ In 1863, he postulated that 
chvluria occurs when one or more of the 
great lymphatic trunks, particularly the 


by 


thoracic duct, becomes obstructed. He 
felt that this obstruction necessitates the 
formation of anastomoses to drain the 


lymph from the intestine and pelvis. The 
increased pressure from this lymph flow is 
then relieved by retrograde flow into the 
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lymphatics of the urinary tract, Carter®/ 


postulated that these varicose vessels 
then rupture and chyluria results. 
Lymphography has permitted us for the 
hrst time to observe the abnormal mor- 
phology and dynamics of the lymphatic 
system in this disease in living patients. 
These observations, as well as experimental 
studies on Ivmphatic flow following lymph 
vessel obstruction, cast serious doubts on 
the validity of Ackerman’s and Carter’s 
theories. 
In their 


experiments, 


now classical 





Fic. 3. Case x. Demonstration of lymphatic back. 
Üow into the lymph vessels of the penis and 
scrotum. This 43 vear old male had a history of 
chyluria for 3 months. His chief complaint was 
passage of milky urine. Intravenous urography 
was normal. The diagnosis was made and the 
patient treated for filariasis 7 years prior to 
Ivmphography. 
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Fic. 2. Case ix. Ly mphogram of a 39 year old male 
with a history of hemochyluria of 8 years’ dura- 
tion. Er. 1958 he was treated with antifilarial drugs. 
The lv mphogram shows marked dilatation of the 
retroperitoneal vessels and the vessels leading to 
the kzineys, particularly on the right. Intrarenal 
branches are easily demonstrable. Fine ring-like 
vessels surround several minor calyces (arrow). 
This patient was subsequently operated upon and 
the lymphatics around the pedicle of the kidney 
were stripped. The chyluric urine cleared following 
surgery. 


Blalock ef 4/? studied the consequences of 
lymphatic obstruction in dogs. They at- 
tempted to produce the obstruction by 
blocking the thoracic duct in the neck and 
chest and destroying major abdominal 
lymphatics. It was extremely difficult to 
completely obliterate all the lymphatics 
since collaterals, particularly lymphatico- 
venous anastomoses, quickly developed. 
Nevertheless, in 3 animals they were able 
to obstruct completely the lymphatic 
How. These animals died and at autopsy a 
striking picture of markedly distended 
abdominal lymphatics with extravasation 
of chyle into many organs was found. 





Fic. 4. Case v. Lymphogram of a 42 year old female 
with history of chyluria for 6 months. This illus. 
tration outlines the abnormal lymph vessels pene- 
trating the kidneys bilaterally. [¢ also shows the 
abdommal portion of the thoracic duct or a major 
lymphatic trunk leading to the thoracic duct. 
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hac. e. Case r. Lymphogram of a e7 vear old male with a history of chvluria for 20 years. The diagnosis of 
e E i Jd 5 Y uem 4 Y < P : 
filariasis was established in 1947. He has been treated on and off ever since the diagnosis was made. This 


figure illustrates the tortuosity and increase in number and size of lymph vessels in the pelvis, retroperi- 


toneum and the abnormal connections with the kidneys. Note the fine curvilinear lines which correspond to 
the minor calyces in the kidnev (arrows). 














RETF 


Fic. 6. Case vi. Roentgenograms of a 48 year old female with a history of chyluria lasting 2 years. She has 
been treated with renal and pelvic lavage with t per cent silver nitrate, (4) Intravenous urogram showing 


some fullness of the renal pelvis but essentially normal minor calyces. (5) Roentgenogram taken 24 hours 
following a lymphogram outlining the fine lymphatic vessels which surround the minor calvces. 


None of their animals developed chvluria. 

Recently, Nevazaki e£ af and later 
Takashima and Benninghotl* ligated the 
thoracic duct and then studied lymphatic 
dynamics by means of Ivy mphographv. In 
their article Takashima and Benninghot 
state, "concerning the reflux of Ethiodol, 
in none cf our experimental studies did it 
occur Into the kidnevs." Mistilis ef a7. 
examined a patient with thoracic duct 
obstruction. Lymphography showed dila- 
tation of intestinal Ivmphatics, but there 
was no caviuria. 

In our series of 15 patients with chyluria, 
13 had completely normal thoracic ducts. 
Normal thoracic ducts were also reported 
by most other investigators who examined 
patients with chyluria by lymphography. 
We have no answer to the question as to 
why or kow chvluria develops. However, 


hic. 7. Case viii; Roentgenograms of a 34 year old 
male witi a ig year history of chyluria. Cvsto- 
scopy revealed efflux of milky urine from both 
kidneys. 7) Close up view of the lymphatics of 
the kidney at the end of injection of ethiodol intra- 
Ivmphatically. Note the abnormal connections of 
the renal lymphatics. Several of the calyces, par- 
ticularly on the right, are filled with the oily con- 
trast mecium, (5) Roentgenogram taken a short 
while later showing further filling of calyces and 
pelvis with ethiodol. The ureter (arrows) is out- 
lined. Significant amount of oil can be identified in 
the urinary bladder. 
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Fic. 8. Case xir. Roentgenograms of a 41 year old male with a 1 month history of chyluria. (2) Lympho- 
gram showing extensive involvement of the lymphatics of the left kidney. There is filling of the abdominal 
part of the normal thoracic duct (arrows). (B) On a chest roentgenogram taken at the same time, the 
thoracic duct appeared normal in caliber (arrows); however, instead of a single channel entering the venous 


angle, multiple small channels filled. 


the explanation that chyluria is the result 
of thoracic duct obstruction can no longer 
be accepted. We would like to speculate 
that the extensive fibrous replacement 
of retroperitoneal lymph nodes which 
results in local obstruction may play a 
role in the development of chyluria. 

The next question which arises is: 
Is it indeed necessary for a lymphatic 
vessel to rupture in order to produce 
chyluria?®? It is not possible to prove that 
this does not occur, but Lee's!'*!* work 
on lymphatic permeability suggests that 
this may not be the case. It is known that 
fluids and particles may enter and leave 
intact lymph vessels and that this flow is 
greatly influenced by the relationship be- 
tween intralymphatic and interstitial hydro- 
static pressures.) In chyluria the intra- 
lymphatic pressure is greatly increased. 
It is, therefore, conceivable that the lymph 
from the distended intrarenal vessels may 
reach the renal pelvis without previous 
rupture of the vessels. In 3 patients we 
demonstrated widened lv mph vessels which 
surrounded the edges of the minor renal 





Fic. g. Case xiv. Roentgenogram of a 42 year old fe- 
male with a 6 month history of chyluria and sore- 
ness in both groins. Physical examination was 
otherwise unremarkable. A chest roentgencgram 
taken at the end of intralymphatic injection of 
ethiodol shows the dilated upper end of the 
thoracic duct. Collaterals and retrograde filling 
towards the axilla are noted. The caliber of the 
thoracic duct up to the level of T4 was normal. 
This was the only grossly abnormal thoracic duct 
seen in this series of 15 patients. 
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calyces (Fig. 5; and 6, 4 and B). It is 
possible that such vessels are responsible 
for the presence of chyle in the urine. 
No experimental model has vet been 
devised to produce chvluria, and definite 
answers to these questions must await 
further investigations. It is hoped that by 
using lymphography for studies of lym- 
phatic flow in vivo, a better understanding 
into the mechanisms responsible for the 
development of chyluria will evolve. 


SUMMARY 


Chvluria 1s invariably associated with 
lymphatic abnormalities. As part of our 
study, 15 patients who manifested chy- 
luria were examined by means of lymphog- 
raphy. 

In Table 1 are summarized the roentgen- 
ographic changes found on the lympho- 
grams of these 15 patients and 17 others 
which were reported in the English litera- 
ture. There was a moderate to marked in- 
crease in number, size and diameter of 
pelvic and retroperitoneal lymph vessels. 
The vessels were tortuous. When chyluria 
was associated with elephantiasis, similar 
appearing vessels could be found in the 
swollen extremities and/or genitalia. Many 
abnormal communications between the 
retroperitoneal and renal lymph vessels 
exist. Intrarenally, these vessels follow 
the collecting system and not infrequently 
a fine halo of lymph vessels can be seen 
surrounding the minor calyces. An im- 
portant, fairly consistent finding was the 
marked decrease in the number of visual. 
ized lymph nodes in the pelvis and retro- 
peritoneum. These lymph nodes fail to 
visualize because of fibrosis. The fibrotic 
lymph nodes contribute to the formation of 
lymph stasis and obstruction. 

The thoracic duct was usually visualized. 
In our series the duct was normal in 13 
out of 15 cases. This finding is also con- 
firmed bv others. 

The roentgenographic demonstration of 
a normal thoracic duct in patients with 
chyluria, and experimental studies of 
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lymphatic dynamics following thoracic 
duct ligation, cast serious doubt on the 
currently prevailing theory on the patho- 
genesis of chyluria, in which lymphatic 
backflow caused by an obstructed thoracic 
duct is believed to be the cause for the 
appearance of the lymph in the urine. 

The pathogenesis of chyluria in light of 
new evidence obtained by zz vivo observa- 
tion of lymphatic dynamics in chyluria is 
discussed. The etiology, epidemiology, clin- 
ical manifestations and therapy are briefly 
considered. 


P. Ruben Koehler, M.D. 
The Edward Mallinckrodt Institute of Radiology 
$10 South Aingshighway 
St. Louis, Missouri 63110 
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THE CONTRIBUTION OF LYMPHANGIOG- 
RAPHY IN THE STUDY OF DIFFUSE 
LYMPHANGIOMYOMATOSIS* 
A CASE WITH ANATOMIC OBSERVATIONS 
FIEVEZ,I S. GODART,$ and J. P. TOUSSAINT! 
lipiodol. droplets, immiscible with blood, was 





N SPITE ot the extension of the indica- 

tions of lymphangiography, roentgen- 
ologic semeiology of the lymphangioma is 
based solely on meager and recent experi- 
ence. 

In lymphangiomvomatosis, an exception- 
ally rare pathologic entity, the lymph. 
angiographic aspect has been eons 
only once before in the literature. 

Over a period of § years, we were able to 
study clinically and roentgenologically a 
case of diffuse lymphangiomyomatosis. In 
the following we wish to report it and givea 
description of the anatomic aspect of the 
entity. 


REPORT OF A CASE 


H.D., a female born in 1926, presented, in 
1961, with a left pleural effusion which ab- 
sorbed spontaneously. 

One year later, the pleural effusion recurred 
but this time on the right side and could not 
be controlled despite repeated aspirations. 
The effusion was accompanied by progressive 
dyspnea. Examination of the aspirated fluid 
revealed it to be of a chylous nature. 

Lymphangiography was performed in an 
attempt to locate the origin of the chvlous 
fistula. Resistance to the injection of the con- 
trast medium (ultrafluid lipiodol) was far 
greater than usually observed, although the 
macroscopic aspect of the intubated lymphatic 
vessels was normal. Progression of the lipo- 
soluble contrast material was very slow. 

Two lymphangiograms made at an interval 


of 20 minutes, without changing the position of 


the patient, indirectly demonstrated a lympho- 
venous communication in the pelvis, on the 
right side. A progressive 


* From Hôpital civil de Charleroi, Belgium. 

+ Hôpital civil de Charleroi, Belgium. 

1 Laboratoire d'Anatomie de Loverval, Belgium. 

§ Hópital universitaire Bruggmann, Bruxelles, Belgium. 
I Sanatorium de Waterloo, Belgium. 


accumulation of 


observed at the level of the right iliac. vein 
valvulae (Fig. 1,7 and B). The lipiodol stopped 
at the level of the lower lumbar lymph node 
chain (Fig. 2). This lymphangiographic ap- 
pearance pointed to the existence of a proxi- 
mal lymphatic trunk obstacle, probably situ- 
ated in the thoracic duct, and quite apart from 
any neop'astic complex, 

lFollowmg repeated aspirations, pleural sv- 
nechiae progressively developed; the pleural 


symptoms diminished and then totally dis- 
appearec. 
Four months later, a routine roentgenologic 


examination showed that the lumbar lymphatic 
block persisted and that the liposoluble con- 
trast medium had flowed back into the mes- 
enteric network, where it had collected into 
numerous cystic ectases. A slight peritoneal 
effusion was associated with the lymphatic 
stasis (Fig. 3). 

The evolution of the lymphangiographic 
aspect mmpled a diagnosis of lymphatic 
malformation or intrinsic lymphatic truncal 
pathology. 

In March, the patient was operated on 
for a double inguinal hernia (Dr. Rubay); the 
hernial sacs contained a milky fluid having a 
chylous appearance. 

The patient suddenly died 3 
with acute edema of the lung, 
pleural component. 

At postmortem examination, only the 
thoracic organs could be removed as a whole. 
A white and firm thickening of the right pleura 
was observed, which contained cavities of a 
cvstic natare (Fig. 4). 


1900, 


months later 
without anv 


Histology. The conjunctival wall of the 
“inguinal evst" first removed (H.D. 67260) 


showed a certain number of cavities alie with 
lymph, surrounded by an endothelium and by 
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hic. 1. G7 and B) In the course of the intralvmphatic 


injection of the contrast medium, one observes a pro- 


gressive passage of the radiopaque droplets, immiscible with blood, in the right iliac vein where they pro- 
T = | + $ M 


visionally embolize at the level of the valvulae. 


a smooth muscular, more or less hyper- 
plastic, tissue. Papilliform  digitations cen- 


trally crossed by an arterial or lymphatic 


vessel, the axis of which was composed of 





+ 


Fic. 2. Six davs after the examination, the retroperi- 
toneal progression of the contrast medium is 
stopped at the level of La. 


^ 


smooth muscular tissue, and the coating of 
which was endothelial, projected into the 
principal cystic cavity (Fig. 5, Æ and B). 
In the autopsy specimens (H.D. 74270), these 





lic. 3. Four months after lymphography, the lipo- 
soluble contrast medium has flowed back to the 
mesenteric network where it is collected into 
cystic ectases. 
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lic. 4. The microroentgenographic study demon- 
strates the large subpleural cvst-like formations. 


same images of angiomuscular proliferation 
were observed in the thick right pleural ad- 
hesions, in various hilar lymph nodes where 
they had a lelomvomatous appearance, and 
in a segment of the thoracic duct (Fig. 6, 


A and B). 


DISCUSSION 


The dominant clinical finding of lymph- 
angiomvomatosis, a disease which ap- 
pears most commonly in female patients 
about 40 vears of age, is chylothorax, some- 
times complicated by pericardial or peri- 
toneal chvlous effusion. 

Our lvmphangiographic study consti- 
tutes the second roentgenologic report of this 
disease; to our knowledge, only Deuil ez 47? 
have carried out lymphographvy in a case of 
lymphangiomyomatosis, 

The interest of this roentgenologic ex- 
amination lies in the demonstration of the 
plurifocal character of the lymphatic affec- 
tion, while the clinical examination is 
dominated by the pleural syndrome. 

Resistance to the progression of the con- 
trast medium indicates a lymphatic block. 
Eventual compensation through lympho- 
venous communications is reflected by a 
partial venous passage of the lipiodol in- 
jected into the lymphatic system. 

Several control examinations are neces- 
sary to ascertain the route taken by the 
liposoluble opaque medium; the backflow 
of the lipiodol into the cystic ectases of the 
mesenteric lymphatic network suggests 
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that the disease has progressed beyond a 
purely clinical consideration. 

Diffuse lymphangiomyomatosis Is usu- 
ally diagnosed only at postmortem ex. 
amination, Systematic lymphangiographic 
examination of the "solitary" Iymphangio- 
mas may possibly revise the concept of 
localization and the "tumorous" nature of 
the lymphangiomas, and may justify the 
use of the term “cystic lymphangiectases," 
which was suggested in 19:0 by Delarue 
et al) vo gave the first description of the 
entity. 

The j*mphangiectases in our case, which 
showed a characteristic. muscular. hvper- 
plasia, citfer from the usual Iymphangiec- 
tases only by their particular evolutive re- 
lationship to the injured trunks and the 


a4 


length of the period of evolution indis- 





Fic. g. 4 and B) Low magnification photomicro- 
graph of the inguinal cyst. There is generalized 
angiomuscular papilliform proliferation, with 
lymphoid nodules. 
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bic. 6. (4) Partial view of the thoracic duct demonstrating the same histologic pattern as in Figure s. (B) 
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Identical angiomuscular proliferation, without lymphoid nodules, in the bands of pleural adhesions. 


pensable to the individualization of the 
lesion. 

Malformation of the thoracic duct might 
be responsible for the lymphatic decom- 
pensation and for the chylous thoracic 
syndrome. 


CONCLUSION 


Lymphangiography is one of the most 
important procedures in the study of 
lymphangiomvomatosis. 

This roentgenologic examination may 
show the diffuse character of the affection, 
which is clinically dominated by the chvlo- 
thoracic syndrome, 

Systematic use of lymphangiography in 
localized lymphangiomas is likely to modify 
the unifocal and tumorous concept of 
these lesions. 


SUMMARY 


The clinical evolution and the lymph- 


angiographic findings of a case of lymph- 
angiomyomatosis are described. 

Emphasis is placed on the fact that 
lymphangiography permits establishment of 
the diffuse character of the lesion, which is 
dominated clinically by the chylothoracic 
syndrome. 


Dr. Michel Collard 
Service de Radiologie 
Hôpital civil de Charleroi 
Belgium 
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VENOUS angiocardiography appeared 

as a practical procedure less than 30 
years ago. It added a new dimension to the 
radiography of the cardiovascular system 
in that it offered the possibility of the 
demonstration of any vascular structure 
that could be made to form an interface 
with the contrast substance. Initially, only 
the cardiac chambers and great vessels 
were reliably demonstrated. Smaller struc- 
tures, such as subvalvular bands and ridges, 
the crista supraventricularis and the coro. 
nary arteries, were not recognized or were 
invisible. Also, those elements that undergo 
rapid motion, such as the valve rings and 
leaflets, were onlv occasionallv and in- 
completely seen. The wealth of anatomic 
detail now provided by angiocardiography 
in all of its selective applications has 
occurred through step-wise progress in 
diverse areas and in a relatively short 
period of time. Each advance at the time 
did not seem too impressive, but when the 
total is reviewed, even from a very short 
perspective, it is remarkable. This progress 
has occurred in two general areas of per- 
haps equal importance, namely technique 
and interpretation. 

Because of the efforts of a relatively few 
pioneers, it is now possible to place almost 
any type of catheter in the heart or vascular 
system via a percutaneous approach. This 
brought to the radiologist and his nonsurgi- 
cal colleagues such technical independence 
and economy of action that thev could 
begin to apply their owz ideas and con- 
cepts to the entire problem of catheter 
placement. The handicaps of dual re. 
sponsibility and catheter manipulation by 
proxy were largely eliminated. Many 
cardiovascular radiologists have added the 
technique of arteriotomy to their rep. 


ertoire, but it is only occasionally needed 
or used. 

Contrast substances are now more in- 
nocuous and less viscous than they were 
IO years ago, and for this we may thank the 
commercial drug houses. We are waiting 
for more ideal substances. I submit that of 
even greater importance is our increased 
knowlec.ge of how, when and where to use 
the available substances. This has come 
from extensive clinical experiences and 
more basic research regarding osmolarity 
and protein binding properties. I am happy 
to note that a few radiologists are engaged 
in this latter activity and that the picture 
in this area is still unfolding. 

Due to the efforts of a few radiologists 
and the supporting commercial manu- 
facturers, we have a large and sometimes 
bewildering array of injection devices. 
In recent years these have tended towards 
automatic operation, increased maneuver- 
ability and reliability. Again, I submit that 
the significant advance has been due to our 
increasing knowledge of how to use our 
own particular injection system. This has 
usually come from experience, but it is 
now reinforced by basic knowledge of the 
effects of catheter size, diameter, length, 
pressure and the viscositv of contrast 
agents on flow rates. Furthermore, we now 
know how much contrast substance is 
needed in a given time period and whether 
our apparatus will provide it. In this same 
area we are indebted to a number of radiolo- 
gists and also the commercial houses for the 
large array of catheter materials, adapters, 
guide wires, manifolds and other useful 
accessories that have become increasingly 
available. 

Steady progress in selective catheter 
insertion was occurring before image ampli- 
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fication was widely available, but it was 
limited to the hardier and more persistent 
workers. Single procedures often required 
hours of concentrated effort, technical 
perfection and an abundance of radiation. 
The image amplifier with television read- 
out immediately changed the hitherto 
complicated one-a-day procedures into 
the relatively simple three or more a day 
variety. To the experienced operator the 
hitherto dark corners of the cardiovascular 
system, such as intercostal, internal mam- 
mary and coronary arteries, became acces- 
sible. Even the timid and less experienced 
operators were tempted to try their hands 
at catheter placement and with varying 
but usually much improved and successful 
results. 

Concurrent with the use of image ampli- 
fication for catheter placement was the 
increased availability of cineangiography. 
Cine recording techniques had for a number 
of years given great promise of extending 
the range of angiocardiographic observa- 
tions. Prior to image amplification the 
apparatus was cumbersome and the 
amount of radiation totally unacceptable 
for general use. Although the radiation 
problem is still with us to some extent, 
the image amplifier has made cine tech- 
niques as accessible as spot filming, and 
the problems of angiographic filming have 
been simplified. Opinion varies as to the 
superiority of movies over large films, but 
this is hardly the point. It 1s a good and 
readily available substitute. It often com- 
plements the large film studies, and in some 
areas, such as the study of valve structures, 
it may be the method of choice. 

Other fascinating and promising devices, 
such as tape recorders, kinematic recording 
systems and 70 and go mm. rapid spot 
film devices, have naturally followed the 
image amplifier, and their value although 
unquestioned is yet to be assessed. For 
these epochal technical developments, we 
acknowledge with thanks the pioneering 
efforts of a very small number of radiolo- 
gists and their supporting group of physi- 
cists and engineers. 
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As physicians we have admired and 
applauded the monumental advances in 
the surgical treatment of cardiovascular 
disease. These have created new challenges 
for us and have vastly increased our oppor- 
tunities to learn and develop our specialty. 
Along with our cardiologic colleagues we 
feel that we have contributed something 
in this area and have been glad to have 
played a part in supporting these great 
surgical attainments. In a slightly different 
vein we acknowledge that our surgical and 
cardiologic colleagues have been the gad- 
flies that have goaded us out of some of our 
encrusted complacency. In all too many 
instances they have hastened to do the 
things that we should have done and with 
varying success upon which I will not com- 
ment further. Where the relationship has 
developed properly, our colleagues in 
surgery and cardiology have been a stimu- 
lating and constructive influence in initi- 
ating our programs, in sending us patients, 
and in giving their thoughtful advice and 
counsel in every area. Also, what a tower 
of strength they can be at the time of a 
major complication. We acknowledge thetr 
contributions with thanks. 

Twenty years ago the medical literature 
and the standard works on anatomy and 
pathology were relatively sterile in their 
descriptions of the dynamic structures 
seen at selective angiocardiography. A 
newer living radiographic anatomy was 
needed. Radiologists have been in the 
forefront of this activity, but let us ac- 
knowledge again the contributions of the 
cardiac surgeons. They have graciously 
called us to the operating table for a good 
look and with a minimum of embarrass- 
ment. Critical dynamic and anatomic 
observations available only at the operating 
table have been fed back to us with liber- 
ality. Also, they have borne the pain of 
providing us with many of our most useful 
postmortem specimens. Only a few patholo- 
gists have concerned themselves exten- 
sivelv in the area of cardiovascular anat- 
omy, but their contributions have been 
enormous, To appreciate these we need 
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only to turn through the atlases and 
numerous contemporary articles and dwell 
on the magnificent reproductions, line 
drawings and diagrams and other correla- 
tive material. Here is practical anatomy 
at its best, and we as radiologists are 
grateful. 

It would be naive to believe that the 
advances cited above could have combined 
spontaneously to produce present day 
selective angiocardiography. All of these 
elements needed integration, and this has 
created a new role for the radiologist. 
It might be argued that the cardiovascular 
radiologist is not unique but simply a 
throwback to the earliest period of our 
specialty. Then the radiologist assumed the 
complete responsibility of a consultant, 
namely a mastery of the technical details 
of his examination and a medical opinion 
in keeping with the total problems of the 
patient. This is the role of the cardiovascu- 
lar radiologist today. He assumes responsi- 
bility for the selection of patients, the 
conduct of the radiologic procedure, the 
interpretation of the information gained 
thereby, and recommendations as to fur- 
ther diagnostic and therapeutic procedures. 
He is ready to deal with and assume 
responsibility for the treatment of compli- 
cations and to call for consultation where 
this 1s needed. He is familiar with the 
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really understands its frailties and de- 
ficiencies. He has organized his supporting 
personnel, the instrument nurse, the radio- 
graphic and electronic technicians and his 
professional assistants. He is the director 
of a small group, each member of which 
is highly proficient and coordinated for 
performance as a unit. It is this type of 
professional support that has been the 
dominant factor in bringing selective angio- 
cardiography to its present status and 
satisfactory state of development. 

As we assess our progress we must recog- 
nize that human initiative, discipline and 
Imagination were indispensable in welding 
together the diverse knowledge and disci- 
plines necessary to produce satisfactory 
selective angiocardiography. And so it is 
likely to be in the future. New devices and 
instruments will come rapidly, but their 
proper utilization. will require from the 
radiologist and our colleagues the same 
human aad professional qualities that have 
already been amply displayed in the devel- 
opment of selective angiocardiography. 

Roperr N, Coorgv, M.D. 


Departmert of Radiology 
University of Texas Medical Branch 
Galveston, Texas 77550 
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NEW OFFICERS OF THE RADIOLOGICAL 
SOCIETY OF NORTH AMERICA 

At the Fifty-third Annual Meeting of the 
Radiological Society of North America 
held November 27-December 1, 1967 at 
the Palmer House in Chicago, Illinois, the 
following officers were elected: Prestident— 
Stanley M. Wyman, M.D., Belmont, 
Massachusetts; President-Elect—]ohn H. 
Gilmore, M.D., Oak Park, Illinois; First 
Vice-President.—Milton Elkin, M.D., New 


William H. Neil M.D., Fort Worth, 
Texas; Third — Vice-President —MWobert 
Robbins, M.D., Philadelphia, Pennsyl- 


vania; Secretary—Maurice D. Frazer, 
M.D., Lincoln, Nebraska; Treasurer— 


R. Brian Holmes, M.D., Toronto, Ontario, 
Canada; and Zzsterian—MHoward P. Doub, 
M.D., Detroit, Michigan. 

The Chairman of the Board of Directors 
is John R. Hodgson, M.D., Rochester, 
Minnesota. 

The Gold Medal of the Society was 
awarded to John A. Evans, M.D., New 
York, New York. 

The Fifty-fourth Annual Meeting of the 
Society will be held at the Palmer House 
in Chicago, Illinois, December 1-6, 1968. 


AMERICAN SOCIETY OF THER A. 
PEUTIC RADIOLOGISTS 
Election of New Officers 


The following officers were elected at the 
Annual Meeting of the Society of Thera- 
peutic Radiologists in Chicago, November 
27, 1967: Gilbert E. Fletcher, M.D., 
Houston, President; Henry Kaplan, M.D., 
Palo Alto, Chairman of the Board; Morton 
Kligerman, M.D., New Haven, President- 
Elect; and Frank Hendrikson, M.D., 
Chicago, Member of the Board. 

The following were re-elected: Simon 
Kramer, M.D., Philadelphia, Member of the 
Board; Howard Latourette, M.D., Iowa 
City, Treasurer; and J. A. del Regato, 


ITEMS 


M.D., Penrose Cancer Hospital, Colorado 
Springs, Colorado 80907, Secretary. 
SPECIAL RADIATION PROCEDURES IN 
THE TREATMENT OF CANCER 

A course of "Special Radiation Proce- 
dures in the Treatment of Cancer" will be 
held Monday, May 27, 1968 through 
Wednesday, May 29, 1968, 9 A.M.-5 P.M. 
at the Long Island Jewish Hospital/Queens 
Hospital Center Affiliation, Jamaica, New 
York. 

There also will be a "Radium Day" 
on Wednesday, May 29, 1968, 9 A.M.- 
5 P.M. 

For further information and registration 
forms kindly contact J. J. Smulewicz, 
M.D., Director, Department of Radiology, 
The Long Island Jewish Hospital/Queens 
Hospital Center Affiliation, 82-68 164th 
Street, Jamaica, New York 11432. 

SECOND INTERNATIONAL CONGRESS 

OF LYMPHOLOGY 

The Second International Congress of 
Lvmphology, co-sponsored by the Uni- 
versitv of Miami School of Medicine, 
Miami, Florida, will be held March 15-20, 
1968, at the Fontainebleau Hotel, Miami 
Beach, Florida. 

This Congress is designed to gather 
lymphologists from all parts of the world 
who will present their work and exchange 
ideas with scientists from many countries. 
One hundred and sixty-two speakers will 
represent 24 countries. 

The program, due to the large number of 
scientific papers suggested, will be divided 
into simultaneous sessions to be held 
morning and afternoon Saturday, March 
16; Monday, March 18; and Tuesday, 
March 19. There will be morning sessions 
only on Sunday, March 17 and Wednesday, 
March 20. 

The proposed Symposia will deal with 
Anatomy, | Lymphatico-Venous Anas- 
tomoses, Lymphangiopathies, Diagnostic 
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Procedures, Contrast Media, Lymphog- 
raphy, Endolymphatic Therapy, and 
Malignant Lymphoma. 

Free Communications will deal with 


Experimental Anatomy and Pathology, 
Physiology, Liver and Intestinal Lym- 
phatics, Immunology and Transplanation, 
Kidney Lymphatics, Head and Neck 
Lymphatics, and Experimental Research. 

All of the scientific papers will be pre- 
sented and discussed in English. 

The President of the Congress is M, 
Viamonte, Jr., M.D., Professor of Radiol- 
ogy, University of Miami School of Medi- 
cine, Miami, Florida. 

The President of the International 
Society of Lymphology is A. Ruttimann, 
PD., Dr., Röntgendiagnostisches Zentralin- 
SURE de Universität, Kantonsspital, Zü- 
rich, Switzerland. 

For further information and registration 
forms please address, Office of Postgraduate 
Medical Education, P. O. Box 875, Bis- 
cayne Annex, Miami, Florida 33152. 

Hotel reservations will be accepted 
and confirmed by mail until March 1, 1968. 
All reservations must be made directly to 
Mrs. Shirlee Ostro, Convention Reserva- 
tion Department, Fontainebleau Hotel, 


Miami Beach, Florida. 


FIRST SOUTH AFRICAN CONGRESS 
OF RADIOLOGY 

The First South African Congress of 
Radiology will be held in Johannesburg 
over the long weekend of August 3r- 
September 2, 1968. 

Those wishing to participate in the pro- 
gram should submit the title of the pro- 
posed paper and the request for the ac- 
commodations desired as early as possible. 

For further information please write to 
Dr. Paul Sneider, Organizing Secretary, 
P.O. Box 4878, Johannesburg, South 
Africa. 

EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Symposium Ossium 


A symposium of the diagnosis and treat- 
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ment of diseases of the bone will be held 
April 4-6, 1968, in the halls of the Royal 
Geogr: aphic Society and the Department of 
Mechan: cal Engineering of the Imperial 
College of Science and T echnology (Uni. 
versity of Eon om south Kensington, 
a oa reed topics for discussion are: 
Radiolegic methods in the diagnosis of 
bone ard joint disease; pediatric bone 
disease; metabolic bone disease; endocrine 
bone disease; measurement of bone mineral 
12 vivo; computers in the diagnosis of bone 
disease; hemoglobinopathies; arteriography 
in bone. lisease; microradiogt raphy in bone 
disease; assessment of result in radio- 
therapy of osteosarcoma and chondro- 
sarcoma. the radiotherapy of giant cell 
tumors, Ewing’s tumor, reticulum cell 
sarcoma and malignant svnovioma; the 
place of radioisotopes in the management 
of joint disease; radioisotope methods for 
detectior of metaphysical technique, com- 
parison of radiodiagnostic stases in bone, 
choice of radioactive material and isotope 
methods. phvsical problems of radiation 
dosimetry involving bone marrow, cellular 
radiobiology and relation to radiotherapy 
technique; induction of bone tumors by 
radiation, including effects of radioactive 
materials (strontium, radium, transuranic 
and other elements); tracer studies of bone 
metabolism; and ultra-sound (penetration 
of bone, therapeutic applications). 
There will be simultaneous translations 
into Enghsh, French, German and Spanish. 
The President of the Association is 
Professor B. | Rajewski, | Frankfurt, 
Germany, and the Secretary General i 
Professor Ch. Gros, Strasbourg, France. 
For further information please write to 
Dr. J. S. Macdonald, Secretary General 
Symposium Ossium, 156 Lambeth Road, 
London, S.E.1, Enéland. 


BRITISH COMMITTEE ON RADIATION 

UNITS AND MEASUREMENTS (BCRU) 

The Entish X-ray Units Committee, 
which was set up in 1925 with Sir William 
Bragg as Chairman and was subsequently 
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changed to the British Committee on 
Radiological Units, has recently been re- 
constituted under the chairmanship. of 
Professor F. W. Spiers, C.B.E., as the 
British Committee on Radiation Units and 
Measurements (BCRU). 

The Committee is now sponsored by the 
Radioactive Substances Advisory Com- 
mittee (RSAC), and is based at the 
National Physical Laboratory. 

The functions of the Committee com- 
prise: Acting in an advisory capacity to 
Government Departments and other bodies 
through the RSAC on matters concerning 
radiation units and measurements; inter- 
preting the recommendations of the Inter- 
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national Committee on Radiological Units 

(ICRU) for national use and, when ap- 
propriate, formulating proposals for sub- 
mission to the ICRU and other bodies; 
and setting up forums and working parties 
for specific purposes. 

The following are the aa of the 
BCRU: T. E. Burlin, P. J. Campion, 
E. Collinson, F. Ellis, J. E Fowler, J. R. 
e W. G. Marley, W. V. Mayneord, 

x. J. Neary, E. E. Smith, R. C. Tudway 
ne B. M. W heatley. 

The Secretary is Dr. W. A. Jennings, 
Division of Radiation Science at the 
National Physical Laboratory, Teddington, 
Middlesex, England. 
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HysrEROsALPINGOGRAPHY, By Alvin M. Siegler, 
M.D., D.Sc., Clinical Associate Professor in 
Obstetrics and Gynecology, State U niversity 
of New York, Downstate Medical Center; 
Attending Physician in Obstetrics and Gyne- 
cology, Kings County Hospital Center and 
the Brookdale Hospital Center; Director of 
the Sterility Clinic, Kings County Hospital 
Center, Brooklyn, N. Y. Cloth. Pp. 418, 
with 543 illustrations. Price, $21.00. Hoeber 
Medical Division, Harper & Row, Publishers, 
49 East 33rd Street, New York, N, Y. 1OO16, 
1967, 


Hysterosalpingography remains the main. 
stay of roentgen investigation of the female 
genital tract. Dr. Siegler's book is a review of 
this subject based on his extensive experience. 

The subject material is divided into two 
sections. The first includes a brief history of 
the technique, indications and advantages, 
dangers and methods of examination. The sec. 
ond section relates to interpretation of the 
hysterosalpingogram and includes a discussion 
of physiologic variation, congenital anomalies, 
adhesions, fistulae, tubal patency, inflamma- 
tory lesions, and the role of hysterosalpingog- 
raphy in abnormal uterine bleeding and in 
pregnancy. 

The section of the book concerning the 
author's technique deserves some critical com- 
ment. Although new developments in radio- 
graphic equipment and technique are men. 
tioned, one gains the impression that Dr. 
Siegler’s examinations are done, for the most 
part, without benefit of fluoroscopic observa- 
tion or spot filming. In addition, his technique 
calls for blind injection of iodized oil without 
fluoroscopic observation. He reiterates his 
concern for minimizing radiation exposure of 
the patient, but uses conventional filming to 
control filling, waiting for development of each 
film before proceeding to inject the next incre- 
ment of contrast material. In the opinion of this 
review, controlled injection by image intensifi- 
cation fluoroscopy and spot himing is a more 
accurate, convenient and safer technique, 
which permits modification to suit the particu- 








ence work for the experienced physician but is 
not recommended as an introductory text for 
It does not provide the neophyte with an ap- 
proach -o the examination which takes ad. 
vantage of the rather remarkable improvements 
in roentgen technique which have taken place 
in the past 10 to 15 years. The author indicates 
that hysterosalpingography should be a joint 
effort of the gynecologist and the radiologist, 
but this philosophy is not developed in the 
theme of this book. 
THeopore E. Kears, M.D. 


ParHoLocGv. Third edition. By Stanley L. 
Robbins, M.D., Professor and Chairman, 
Depar-ment of Pathology, Boston University 
School of Medicine; Director of the Mal. 
lory Instituteof Pathologv of the Boston City 
Hospital, Boston, Massachusetts; and Lec- 
turer, Harvard Medical School and Tufts 
University School of Medicine. Cloth. Pp. 
1434, with many illustrations. Price, $20. £O. 
W. B. Saunders Company, West W ashington 
Square, Philadelphia, Pa., 1967. 


The Third Edition of this excellent textbook 
of Pathe,ogy has been considerably enlarged 
from the previous edition and many chapters, 
particularly in the first part, have been thor- 
oughly revised. In spite of increased text, the 
format o^ the book has remained as a single 
volume, but several chapters in the first part 
have been fused and two new ones dealing with 
genetics and diseases of aging introduced. 

The mumber of photographs has also been 
increased and in line with the new develop- 
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ments and knowledge gained by electron micros- 
copy many of the additional photographs show 
ultrastructural cellular changes. As in previous 
editions, the emphasis on correlation of clinical 
findings with pathogenesis of disease is an 
outstanding feature of this book. Detailed 
description of lesions and encyclopedic coverage 
of all pathologic processes was not attempted 
before and this policy remains unchanged in 
this edition. The bibliography is quite sufficient 
and includes most important and original 
contributions with new references to recent 
publications. 

All in all, the book is well written and easy 
to read, contains many passages in bold print 
and has excellent illustrations. Fine print, 
which is usually bothersome in most specialty 
books, is conspicuously absent and this feature 
makes this book even more attractive. 

This textbook is probably most useful for a 
medical student to introduce him to general 
problems of pathology and to give him an 
understanding of disease processes, but can 
also serve as a quick reference for a practicing 
physician. 

N. Racumaninorr, M.D. 


BOOKS RECEIVED 


Patuiative Care or Cancer Patient. By 33 
Authors. Edited by Robert C. Hickey, M.D., 
F.4.C.S., Professor and Chairman, Department 
of Surgery, University of Wisconsin Medical 
School, Madison, Wisc. Cloth. Pp. 640, with 147 
illustrations. Price, $23.50. Little, Brown and 
Company, 34 Beacon Street, Boston, Mass. 
02106, 1967. 

Tririum-LaBeLeD MoLecuLes iN. BIOLOGY AND 

Mepicine. By Ludwig E. Feinendegen, Services 

de Biologie, Euratom, Brussels, Belgium; presently 

at Kernforschungsanlage Julich, Germany. Pre- 
pared under the direction of the American Insti- 
tute of Biological Sciences for the Division of 

Technical Information, United. States Atomic 

Energy Commission. Cloth. Pp. 430, with some 

figures. Price, $17.00. Academic Press fne., 

Publishers, 111 Fifth Avenue, New York, N. Y. 

10003, 1967. 

ATIGUE FRACTURES: A Ciinicat Stupy. By James 

M. Morris, M.D., Assistant Professor of Ortho- 

paedic Surgery; Research Associate, Biomechanics 

Laboratory, University of California School of 

Medicine, San Francisco, Calif.; and Loren D. 

Blickenstatf, M.D., Major, U. S. Army Medical 

Corps. Cloth. Pp. 218, with many illustrations. 

Price, $15.50. Charles C Thomas, Publisher, 

East Lawrence Avenue, Springfield, 





F 


A 


Books Received 479 


Cancer or THE Heap AND Neck. By William 5. 
MacComb, M.D., Chief, Section of Head and 
Neck Surgery; and Gilbert H. Fletcher, M.D., 
Head, Department of Radiotherapy, The Uni- 
versity of Texas M. D. Anderson Hospital and 
Tumor Institute, Houston, Texas. Cloth. Pp. 
£98, with many illustrations. Price, $28.50. The 
Williams & Wilkins Company, 428 E. Preston 
Street, Baltimore, Md. 21202, 1967. 

Roentcen Tevevision: Tecunicat Bases AND 
Crurico-RoENTGENOLOGIC APPLICATION. By Prof. 
Dr. Alfred Gebauer, Head of the X-ray Depart- 
ment of the Medical Clinics of Frankfurt Uni- 
versity, Frankfurt, Germany; Prof. Dr. Josef 
Lissner, Head Physician of the Clinic for Radio- 
therapy and Nuclear Medicine of Frankfurt 
University, Frankfurt, Germany; and Dipl.-Ing. 
Ottfried Schott, Head of the Basic Research 
Laboratory of the X-ray Development Depart- 
ment and Scientific Adviser, Siemens Aktienge- 
sellschaft, Medical Division, Erlangen, Germany. 
Translated by Dr. H. Pucher, Erlangen; and Mr. 
G. Wall, London. Paper. Pp. 154, with many 
illustrations. Price, $7.75. Grune & Stratton, Inc., 
381 Park Avenue South, New York, N. Y. 10016, 
1967. 

FAMILIARE HUFTDYSPLASIE BEL HurrLUXATION: 
Eine BioMETRIsCHE UNTERSUCHUNG. By Priv.- 
Doz. Dr. Detlef v. Torklus, Hamburg. Paper. 
Pp. 9o, with some illustrations and tables. Price, 
DM 26... Georg Thieme Verlag, Stuttgart. In the 
U.S.A. and Canada, Intercontinental Medical 
Book Corporation, New York, N. Y. 10016, 1967. 

ANNUAL Review or NUCLEAR Science. Edited by 
Emilio Segré, University of California, Berkeley; 
Associate Editors, Gerhart Friedlander, Brook- 
haven National Laboratory; and H. Pierre 
Noyes, Stanford University. Volume 17. Cloth. 
Pp. 546, with some illustrations. Price, 38.50. 
Annual Reviews, Inc., 4139. El Camino Way, 
Palo Alto, Calif. 94306, 1967. 

THe HRabioLocic CuhiNiCcs or NORTH AMERICA. 
Symposium of The Radiology of Ischemia. Guest 
Editor, Rov R. Greening, M.D. December, 1967, 
Volume V, No. 3. Pp. 225, with many illustrations. 
W. B. Saunders Company, West Washington 
Square, Philadelphia, Pa. 19105, 1967. 

PRIME: AN AUTOMATED INFORMATION SYSTEM 
ror Hospira. ap. BrowEDICAL RESEARCH 
LABORATORIES. By Lee B. Lusted, M.D., Professor 
of Radiology, University of Oregon Medical 
School; Senior Scientist, Oregon Regional Primate 
Research Center; and Robert W. Coffin, B.A., 
Chief Programmer, Oregon Regional Primate 
Research Center. Paper. Pp. 233, with many 
tables and charts. Price, $7.50. Year Book Medi- 
cal Publishers, Ine., 35 East Wacker Drive, 
Chicago, Ill. 60601, 1967. 


SCIENTIFIC PUBLICATIONS FROM THE EASTMAN 
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Kopak Lanoraroriges. Section I, 1965-1966: 


Section IT, 1965-1966: Analytical Chemistry, 
Physical Chemistry, Chemical Engineering. Pp. 
95, with many figures. Section III, 1965~1966: 
Physics, Mathematics, Engineering. Pp. 67, with 
many figures. Section IV, 1965-1966: Photo- 
graphic Science and Technology. Pp. 86, with 
many figures. Published by Department of Infor- 


kodak Company, Rochester, N. Y. 14650, 1967. 


ROENTGENOLOGY OF THE SPLEEN AND PANCREAS. 


By Josef Rosch, M.D., Doctor of Medical Sci- 
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ences, Docent of the Medical Faculty of Charles 
University; Roentgenologist of Central Hospi- 
tal, Prague, Czechoslovakia; Research Fellow, 
Radiclogy Department, University of Oregon 
Medical School, Portland, Oregon. Cloth. Pp. 
336, with many illustrations. Price, $29.76. 
Charles C Thomas, Publisher, 301-327 East 
Lawrence Avenue, Springfield, Ill. 62703, 1967. 


PRoGREss iN ExrkRIMENTaL Tumor RESEARCH. 


Edited. by F. Homburger, Cambridge, Mass. 
Volume g. Cloth. Pp. 431, with 85 figures. Price, 
315.40. S. Karger Ag. Basel. In the U.S.A., 
Albert J. Phiebig, P.O. Box 352, White Plains, 
N. Y. 10602, 1967. 
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ROENTGEN DIAGNOSIS 
Heap 


Davies, E. R., and Surron, Davin. Pseudo- 
occlusion of the internal caretid artery in 
raised intracranial pressure. Clin. Radiol, 
July, 1967, 78, 245-252. (From: Departments 
of Radiology, St. Mary’s Hospital, London 


9., England.) 


Pseudo-occlusion has been reported in the carotid 
artery in 25 cases, and in the basilar artery in 1 
case. The most frequent underlying cause was intra- 
cranial hemorrhage. Primary neoplasm, abscess and 
trauma have also been described in etiology. The 
clinical feature common to all these cases was 
acutely raised intracranial pressure. 

The authors have seen § cases of pseudo-occlusion 
of the internal carotid artery due to raised intra- 
cranial pressure. The essential feature is that the 
intracranial pressure is so high that the cerebral 
circulation is slowed to a marked degree. When 
such is present contrast material injected into the 
carotid artery will separate into a dense laver. 

The roentgenographic appearances of pseudo- 
occlusion can be explained in terms of the hemo- 
dynamic effect of injecting contrast material into a 
circulation. which has been greatly slowed by rising 
intracranial pressure. 

The immediate prognosis is always poor. The pa- 
tients are usually very seriously ill when roentgenog- 
raphy ts instituted. Arteriography itself may be 
directly responsible for death of the patient during 
or immediately after the procedure because the 
pooling of contrast material in the carotid syphon 
can completely obstruct the flow of blood. Nearly 
all the reported cases have died within a few days 
after hospital admission. However, the condition is 
potentially reversible in an occasional patient, such 
as in an operable meningioma partly supplied from 
the external carotid artery —Samuel G, Henderson, 
M.D. 


NECK AND CHEST 


SIEGEL, RICHARD S., and STEICHEN, FELICIEN 
NI. Cervicothoracic outlet syndrome; vascu- 
lar compression caused by congenital ab- 
normality of thoracic ribs: a case report. 7. 
Bone 52 Joint Surg., Sept., 1967, 49/4, 1187- 
1192. (Address: Dr. Richard S. Siegel, 2100 
Eastchester Road, Bronx, N. Y. 10461.) 


The term thoracic outlet syndrome is used to 
cover all lesions that reduce the cervicothoracic out- 
let and cause symptoms due to nerve, artery or vein 
compression. It includes scalenus anterior, cervical 
rib, costoclavicular, hyperabduction, subcoracoid, 
pectoralis minor and first thoracic rib syndromes. 
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Since anomalous first ribs usually end at the level 
of the scalene tubercle posterior to the point where 
the subclavian vein crosses the first rib, venous ob- 
struction has not been previously reported. The few 
cases with this anomaly which have been reported 
have had either arterial or neurologic findings. 

The authors' case was a male, 21 years of age, 
with gradually increasing symptoms during the last 
2 years. He had intermittent paresthesias, pain and 
weakness in the right arm caused by flexion or ab- 
duction of the right shoulder to more than go 
degrees. Lowering of the arm relieved all symptoms. 

There was a hard mass below the right clavicle 
measuring 7X4 cm. due to an anomalous first rib 
and a pseadoarthrosis between it and the second rib. 
Both ribs showed fusiform enlargement at this level 
and a cartilaginous plate connected them. 

Blood pressure was equal in the two arms and 
pulses were good but disappeared with the costo. 
clavicular maneuver (shoulder girdle thrown poste- 
norly and inferiorly) and pectoralis venous disten- 
tion then occurred. 

Vascular studies showed complete occlusion of 
the subclavian vein and moderate compression of 
the artery at the level of the bony mass when there 
was hyperabduction and in the anatomic position 
they were normal. 

Surgery confirmed the roentgen changes and re- 
section of the mass relieved all symptoms.-—MartAa 
E. Mottram, M.D. 


BoorH, |. B., and Berry, C. L. Unilateral 
pulmonary agenesis. drch. Dis. Childhood, 
Aug., 1967, 42, 361-374. (From: The Hos. 
pital for Sick Children and the Institute of 
Child Health, Great Ormond Street, London 
W. C. 1r., England.) 


The authors report 17 cases of unilateral pul- 
monary agenesis. Of their cases, 8 are still living and 
have been followed from infancy. They describe in 
detail the associated abnormalities and they com. 
pare their cases with those recorded in the literature. 
In particular, an increased percentage of ipsilateral 
abnormality was noted. 

Using chest roentgenography, it was found that in 
left-sided agenesis the heart and mediastinum are 
shifted markedly to that side and there may or may 
not be aeration of the apical and paravertebral areas 
on the affected side, depending on the degree of 
hypertrophy of the opposite lung. In right-sided 
agenesis there is apparent dextrocardia and often 
hermation of the left lung across the anterior or 
posterior mediastinum. 

On the side of the agenesis 1t 1s usual to observe 
the ribs placed closer together and having imbri- 
cated appearance. 

Bronchography confirms the type and degree of 
the malformation. 

On angiocardiography, no pulmonary artery is 
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demonstrated on the affected side in true agenesis. 
However, when a pulmonary blood flow is shown 
some lung tissue must be present and the condition 
should be regarded as one of pulmonary hypoplasia. 
The authors give a detailed report of associated 
abnormalities.—Lionel W. Young, M.D. 


Pearson, J. B., and Gray, J. G. Oesophageal 
hiatus hernia: long-term results of the con- 
ventional thoracic operation. Brit. f. Surg., 
June, 1967, 54, 5307533. (From: Depart- 
ment of Surgery, Queen Elizabeth Hospital, 
Birmingham, England.) 

The authors have collected a number of cases re- 
ported in the past, and have tabulated the results 
as to recurrences, length of follow-up, and the com- 
ments of the various investigators. They have ac- 
cumulated quite an Imposing series. 

In an analysis of their own cases the authors have 
reviewed an average period of 6} years following 
surgical repair, comprizing 64 patients. Eighty-three 
per cent are symptomatically improved, while only 
40 per cent are radiologic successes. 

A summary of the surgical technique 1s presented, 


— Dasid C. Alftine, M.D. 


Lowe, Winuiam C., and Parmer, Eppy D. 
Esophageal stricture as a complication of 
gastric surgery. 4m. J. M. Sc., Sept., 1967, 
254, 342-346. (From: The Division of Gas- 
troenterology, Department of Medicine, 
New Jersey College of Medicine and the 
Veterans Administration Hospital, East 
Orange, N. J.) 


The authors report 6 patients who developed 
benign cicatricial esophageal stenosis as a compli- 
cation of gastric surgery. Four patients had partial 
gastrectomy and 2 had vagotomy. 

Dysphagia developed 1 to 7 weeks after operation. 
'T he diagnosis of stricture was confirmed by barium 
swallow, esophagoscopy and repeated biopsies which 
showed acute and chronic inflammation. 

'The duration of the indwelling nasogastric tube 
following surgery varied from 2 to 21 days, suggest- 
ing that the mucosal trauma by the intubation and 
persistent regurgitation might be the chief cause of 
the stricture. 

Treatment with Hurst bougienage was successful 
in all patients and surgical treatment was never 
considered.—C. Peter Truog, M.D. 


ABDOMEN 


Meyers, Morron A. Gastroduodenal intus- 
susception. Am. J. M. Se., Sept., 1967, 254, 
347-356. (From: Department of Radiology, 
'The Bronx-Lebanon Hospital Center, Fulton 
Avenue at 169th Street, Bronx, N. Y. 10456.) 
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The author reviewed the world literature and 
found $$ instances of reported gastroduodenal in- 
tussusception; he adds 2 cases of his own to bring 
the total to $7. 

'The apex of the invagination is almost invariably 
formed by a gastric tumor which carries with it a 
portion or entire circumference of the full thickness 
of the stomach wall into the duodenum, occasionally 
as far as the ligament of Treitz or distally into the 
jejunum. The most common gastric tumors include 
adenomatous polyps arising from the antral region 
and leiomyomas arising in the upper half of the 
stomach. 

Of the gastric tumors forming the apex of the 
intussusception, there were 21 adenomas or fibro- 
adenomas, 8 cases of multiple adenomas or frank 
polyposis, 2 papillomas, 13 lelomyomas or fibro- 
myomas, 2 neurogenic tumors, 1 lipoma, I fibroma, 
ı possible argentafinoma and only 4 infiltrative 
malignancies. 

The criteria for the specific roentgenologic diag- 
nosis of gastroduodenal intussusception depend 
upon recognition of both the tumor mass and the 
alterations produced by the invagination of the 
stomach wall into the duodenum. The characteristic 
findings include foreshortening of the distal portion 
of the stomach, marked widening of the duodenum 
with an intraluminal filling defect, converging axial 
mucosal folds of the gastric intussusceptum and 
parallel “coil-spring” folds within the duodenal in- 
tussuscipiens, a pre-pyloric collar-shaped pouch and 
widening of the pyloric canal. Delayed gastric 
emptying and changes in position of the intraduo- 
denal filling defect during the upper gastrointestinal 
series may be present.—C. Peter Truog, M.D. 


Lewis, G. J. T. Unusual features of primary 
duodenal cancer. Brit. J. Surg., July, 1967, 


Roval Infirmary, Glasgow, Scotland.) 


Primary duodenal cancer is rare. Its incidence in 
a series of general autopsies has been reported as 
0.03 per cent and 0.047 per cent. It comprizes 0.3 
per cent or 1 per cent of all gastrointestinal cancers 
and approximately 45 per cent of all small intestinal 
cancers. 

'The British literature contains reports of 16 cases 
of primary duodenal cancer. The disparity between 
these 16 cases and the large numbers reported in the 
American literature suggests that many so-called 
ampullary cancers have not been reported here, and 
that duodenal cancer is not necessarily rare. Supra- 
papillary and infrapapillary cancers are uncommon. 
The author reports 3 cases of primary duodenal 
cancer which were found in one general surgical 
unit during 1963-1965. 

No apparent relationship to duodenal ulceration 
is evident. 
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Macroscopically the duodenal cancer may take 
the form of a papilliferous mass or a flat, ulcerating, 
infiltrating lesion. Histologic examination usually 
shows a columnar cell carcinoma but squamous cell 
metaplasia may occur. 

The clinical features vary according to the type 
and site of the cancer. No pathognomonic symptoms 
can be noted. The tumor is often large before symp- 
toms occur. 

Intestinal obstruction may be intermittent due to 
edema, intussusception or bolus obstruction. 

In the normal subject some protein loss occurs 
from the stomach and the jejunum. Excessive pro- 
tein loss is observed in a variety of conditions. Those 
of surgical interest are ulcerative colitis and Crohn’s 
disease, portal hypertension, constrictive pericardi- 
tis and atrial septal defects, intestinal lym phangiec- 
tasis, and primary carcinoma of the esophagus, 
stomach, and colon. A protein-losing state is not a 
feature of primary or secondary celiac syndrome; 
where malabsorption and protein-losing enteropathy 
coexist a gluten-free diet may restore protein metab- 
olism to normal. Following surgical correction of the 
underlying lesion, protein metabolism usually returns 
to normal. 

The results of surgical treatment for duodenal 
cancer were disappointing.— Stephen N. Tager, M.D. 


Warr, |. KENNEDv, Watson, W. C., and 
Haase, S. Chronic intestinal ischaemia, 
(Glasgow, Scotland.) Brit, M. Fa, July 22, 


Thrombosis of the superior mesenteric artery pro- 
duces a mortality rate of about 100 per cent in un- 
treated cases and over go per cent in most surgically 
treated cases. 

The time to save these patients is before the acute 
episode. Chronic intestinal ischemia should be 
strongly suspected in middle-aged patients with 
atypical abdominal pain and loss of weight, espe- 
cially when alimentary carcinoma is suspected. and 
barium studies are negative. 

The authors report $ cases of their own, with 
successful operative intervention. The laboratory 
and the clinical findings are well documented.— 


David C. Alftine, M.D. 


ANDERSON, RavwoNp E., WOODWARD, NEIL., 
Dirrensaucu, Wicus G., and Srgonr, E, 
Lee. Gallstone obstruction of the intestine. 
Surg., Gynec. & Obst., Sept., 1967, 725, £40- 
545. (From: Department of Surgerv, Cook 
County General Hospital, Chicago, lll.) 


From 1934 through 1964, 28 patients with gall- 
stone obstruction of the intestine were operated 
upon at Cook County Hospital. 

The incidence, pathologv, symptoms, diagnosis 
and treatment are discussed. 

The authors present the criteria for roentgenog- 
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raphic diagnosis. These are: (1) presence of air in the 
biliary tree; (2) visualization of a gallstone in the 
intestine: (3) distention of the small bowel; and 
(4) change in the position of a stone which had 
already been demonstrated. roen tgenographically.— 
Kichard P. Taylor, M.D. 


kRarr, Ernest, and Finsy, NATHANIEL. 
Megasigmoid and the megasigmoid syn- 
drome. G. P. Oct, 1967, 36, 104- 114. 


The authors state that megasigmoid denotes a 
localized form of megacolon, congenital or acquired, 
while the megasigmoid syndrome is alwa ys acquired 
and conssts of a triad of a large sigmoid, loss of 
anal sphincter tone and coexisting neuropathy in- 
volving the autonomic nervous system. The syn- 
drome should be differentiated from the so-called 
“psychogemic megacolon” of elderly patients. Al- 
though predominantly observed in neuropsychiatric 
patients, 1: may also occur without a preceding 
psychosis. serious complications are impaction with 
fecalomas, secondary toxemia, perforation of ulcers 
and sigma 1 volvulus. 

The authors believe that the megasigmoid of this 
syndrome is roentgenologically indistinguishable 
from the other types of megasigmoid. However, the 
megasigmo d syndrome is permanent and irrevers- 
ible, whereas megasigmoid may either progress to 
involve the entire colon or return to normal size 
after successful therapeutic measures.—(C. Peter 
Truog, M.D, 


GLorzer, Dowvarp J., Sroxg, Pmr A., and 
Parrerson, James F. Prognosis after surgi- 
cal treazment of granulomatous colitis. New 
Englam; J. Med., Aug. 10, 1967, 277, 273- 
279. (From: Departments of Surgery and 
Medicine, Tufts University School of Medi- 
cine and the New England Medical Center 
Hospitais, Boston, Mass. 02115.) 


A distimction is made between the condition 
known as ulcerative colitis and the disease entity 
sometimes known as granulomatous colitis (Crohn's 
disease of the colon). For purposes of analvsis the 
patients were placed in 3 groups: Proved granulo- 
matous ccoltis, clinical granulomatous colitis and 
ulcerative colitis. Of the series, 48 cases were con- 
sidered to be ulcerative colitis, 15 proved granulo- 
matous contis, and g clinical granulomatous colitis. 

The prognoses of ulcerative colitis and regional 
enteritis or ileocolitis after surgical treatment are 
quite different. In ulcerative colitis the patient is 
probably cured of his intestinal disease by operation; 
however, w regional enteritis recurrence is to be 
expected in at least ço per cent of the cases. For this 
reason the avoidance of operation at all costs is 
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justified in granulomatous colitis. If surgery is 
undertaken, total colectomy should be the treat- 
ment of choice. 

Very few recurrences were found in the current 
study where the ultimate results for both ulcerative 
and granulomatous colitis treated by ileostomy and 
colectomy were studied.—David C. Alftine, M.D. 


Seaman, WiLLIAM B., and Brace, Davin G. 
Colonic intramural barium: a complication 
of the barium-enema examination. Radiology, 
Aug., 1967, 89, 250-255. (Address: 622 W. 
168th Street, New York, N. Y. 10032.) 


An unusual complication of the roentgenographic 
examination of the colon results from mucosal rup- 
ture and dissection by the barium solution into the 
wall. Usually, no symptoms are associated with the 
initial tear, but pain and tenderness occur minutes 
to hours later. The roentgenographic appearance of 
intramural barium is characteristic and easily recog- 
nized-—a transverse striated pattern. This ts prob- 
ably produced by the inner circular layer of muscle 
fibers which are outlined by the barium solution. 

Three cases of this condition are reported. 

The roentgenographic procedures in the above 
cases were completed without noticing anything 
unusual, and symptoms occurred later. Two cases 
showed rupture in the rectosigmoid area, the other 
occurred in the cecum. 

It is explained that the rupture of the colonic 
mucosa is not due to an abnormal elevation of in- 
traluminal pressure alone, but must be related to the 
presence of a mucosal defect. 

Spontaneous perforations have been reported in 
patients with normal colons. These ruptures usually 
occur in the rectosigmoid area. A most probable 
pathogenesis for this type of perforation 1s impac- 
tion of a hard fecal mass which produces ischemic 
necrosis in the wall and eventual tearing. This 
would explain their prevalence in the distal colon. 

It is stressed that colonic intramural barium is a 
relatively benign complication and treatment may 
be conservative.—P. M. Kroening, M.D. 


SHAW, ANTHONY, COOPERMAN, Avram, and 
Fusco, Juma. Gas embolism produced. by 
hydrogen peroxide. New England F. Med., 
Aug. 3, 1967, 277, 238-241. (From: The Pedi- 
atric Service of the Department of Surgery 
and the Department of Pathology, St. Vin- 
cent’s Hospital and Medical Center of New 
York, New York, N. Y. 10011.) 


The authors report a case in a newborn infant of 
intestinal gangrene following colonic lavage with 
hydrogen peroxide. This occurred during surgical 
treatment of meconium ileus. They observed gas 
embolism of the mesenteric vessels during lavage. 
In experimental studies on puppies and dogs they 


Abstracts of Radiological Literature 


495 
show that hydrogen peroxide lavage of the bowel in 
concentrations greater than 0.75 per cent is regularly 
associated with gas embolism. 

The authors review the literature on this subject 
and specifically mention the case reported by 
Brodeur, wherein, after transverse colostomy of a § 
month old infant, colonic lavage was carried out 
with dilute hydrogen peroxide. A roentgenogram of 
the abdomen revealed lucent streaks in the liver 
shadow caused by gas in the portal vein. 

In the experimental studies carried out they 
noted that dogs having bowel lavage with solutions 
of 0.74 per cent or greater concentrations of hydro- 
gen peroxide developed bubbles of air in the mesen- 
teric lymphatics, mesenteric veins, mesenteric 
arteries and lymph nodes, and in many in the portal 
veins. Roentgenographic examinations of some of 
the bowel segments dramatically demonstrated gas 
in the mesenteric and bowel wall vessels, and in the 
excised liver total replacement of portal blood by 
gas was found. 

'The mechanism of the development of gas embo- 
lism is discussed. On the basis of the clinical and 
experimental data, the authors urge that the poten- 
tially dangerous practice of colonic lavage with 
hydrogen peroxide be abandoned.—Lione/ S. Young, 


M.D. 


Wess, A. Jonn, and Dawson-Epwarps, P. 
Malignant retroperitoneal fibrosis. Brit. J. 
Surg., June, 1967, 54, 505-508. (From: Queen 
Elizabeth Hospital, Birmingham, England.) 


Several reports indicate that idiopathic retro- 
peritoneal fibrosis has been mistaken at operation 
for a malignant process. 

Conversely the major differential diagnosis in a 
patient with possible idiopathic fibrosis is dissemin- 
ated malignancy. The resemblance extends to 
clinical, radiologic, and operative findings. Where a 
desmoplastic reaction develops, the ureters fre- 
quently become involved in a diffuse retroperitoneal 
plaque. 

Erom this series of 16 examples of retroperitoneal 
fibrosis, 3 were of malignant origin, demonstrating 
diagnostic difficulties identical with the non-malig- 
nant group. 

Two patients are reported in detail to illustrate 
the problems encountered. 

In a male, aged $1 years, an intravenous pyelo- 
gram by infusion demonstrated bilateral h vdroneph- 
rosis and hydroureter. Barium meal examination 
indicated an extensive mass impinging on the greater 
gastric curvature, with widening of the duodenal 
loop. Transiumbar aortography did not show an 
aortic aneurysm. A lymphangiogram revealed gross 
lymphatic obstruction with filling defects in the 
paraaortic and mesenteric lymph nodes. Retroperi- 
toneal fibrosis secondary to malignancy was diag- 
nosed and operation on January 8, 1965, confirmed 
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a vast fibrotic retroperitoneal plaque extending from 
above the diaphragm to the pelvis. Multiple biopsies 
were taken and immediate cytologic examination 
performed. He died soon afterwards and at autopsy 
the primary source was elusive. The liver and lum. 
bar vertebrae were involved by malignancy. The 
pancreas, kidneys, ureters, great vessels, ete., were 
enveloped by fibrotic malignant tissue-—an appear- 
ance very similar to idiopathic retroperitoneal fibro- 
sis. Invasion and disruption of the ureteric wall was 
found. A small area of superficial malignant ulcera- 
tion of the cardia was finally implicated. Histology 
showed an anaplastic linitis plastica with some 
mucin production. 

A second similar case is also reported in detail. 

The ureterogram in both patients differed little 
from that seen in benign hbrosis; extrinsic obstruc- 
tion, medial deviation, and tapering were all present, 
Widening of the duodenal loop was a feature in 
favor of malignancy. 

The lymphangiographic findings were valuable 
and the flow of lymph above the level of L 4, the 
gross lymphatic obstruction, and the filling defects 
in the mesenteric and paraaortic lymph nodes were 
against a diagnosis of benign fibrosis. 

As a means of rapid diagnostic confirmation, 
tissue cytology, using an imprint and smear tech- 
nique, was performed in both patients. 

Aortic and iliac aneurysms may initiate a local 
fibrotic reaction and must be considered in the 
differential diagnosis of idiopathic retroperitoneal! 
fibrosis. 

The similarity both in presentation and operative 
findings between the malignant and non-malignant 
type is emphasized.— Stephen N. Lager, M.D. 


Wess, A. Jouw, and Dawson-Epwarps, P. 
Non-malignant retroperitoneal fibrosis, Brit. 
J. Surg, June, 1967, 54, go8—si8. (From: 
Queen Elizabeth Hospital, Birmingham, 
England.) 


Although a well established clinical entity, retro- 
peritoneal fibrosis is still overlooked and remains 
somewhat of a mystery. There is no generally ac- 
cepted view as to what constitutes this fibrotic 
condition, 

Terminology. This is extensive and the following 
is a selection of terms: (1) Inflammatory retroperi- 
toneal process; (2) idiopathic retroperitoneal fibro- 
sis; (3) retroperitoneal sclerosing lipogranuloma; 
(4) retroperitoneal granulomatous fibrosis; (5) retro- 
peritoneal vasculitis; (6) periureteritis plastica; (5) 
perinephritis plastica; (8) periureteritis obliterans; 


(9) periureteric fibrosis; ( 10) perirenal (Gerota's) 
fascitis; and (11) pericystitis plastica. 
Some descriptions, ega pericystitis plastica, 


emphasize a particular location, whereas others ex- 
press the authors’ view as to etiology, 
Clinical Features. Involvement of the urinarv 
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tract with or without anuria is the mode of presenta- 
tion in most cases. 

The present series, collected. from Birmingham 
over the past 16 years totals t4 patien ts, of whom 1o 
have been seen since 1963. All are examples of non- 
malignant retroperitoneal fi brosis, a term preferred 
to "idiopathic. In at least 3 patients, the factor 
initiating the fibrosis is probably known. 

All but 2 were subjected to surgical exploration to 
confirm and treat the condition. Full biopsy exam- 
inations are available. Two cases were discovered at 
postmortem examination. The details of each case 
in the series are presented. 

The study contirms the significance of the symp- 
tom complex: persistent backache, lower abdominal 
and groim pain, raised erythrocyte sedimentation 
rate, and hypertension. 

From the clinical point of view the series demon- 
strates that retroperitoneal fibrosis can present in 
many guises and that mistakes are made both in 
diagnosis and management. In essence, with any 
vague illness of gastrointestinal upset with back. 
ache extending into the lower abdomen and groins, 
accompanied by changes in the erythrocyte sedi- 
mentation rate and serum proteins, the diagnosis 
should be seriously considered. 

Roentgen Findings. Intravenous pyelography and 
in particular the ureterogram may present an ap- 
pearance almost pathognomonic. The findings may 
be briefly summarized as follows: 1. Delayed excre- 
tion with hydronephrosis and hydroureter above an 
obstruction. 2. Medial deviation and irregularity of 
the ureter at the level of obstruction, and often a 
genu, with narrowing and cone-like tapering. 

Lymphangiography appears to have a definite 
place in rhe diagnosis of retroperitoneal fibrosis. The 
important features are: 1. Delay in passage of dye 
through zhe paraaortic lymph nodes and vessels. 
2. Dilatation of lymphatics beyond the normal max- 
imum of : mm. diameter. 3. Block to lymphatic flow 
at the L 3 level. 4. Small filling defects may be seen 
in the mesenteric and paraaortic lymph nodes. 

Surgical Considerations. The authors recommend 
a transperitoneal operation, inspecting and freeing 
both ureters if necessary. This has been adopted in 
the last 5 patients of this series and found to be 
eminently satisfactory. 

Ureteric Invasion and Reinzasion following Ureter- 
alysis. This was found in practically all the cases. 
The distribution may be diffuse or nodular in form. 

Cytolegic Assessment. The histol ogy of retroper:- 
toneal fibrosis is not fully understood. Cells described 
as reticulum cells and bizarre invasive hbroblasts 
are mentioned. Peri- and para-arterial inflamm atory 
cells have been observed in man y biopsy specimen 
sections. 


pm 


The sensitizing agent is probably a drug acting as a 
chemical hapten. A number of etiologic factors are 
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at work ranging from prostatovesiculitis and pro- 
gressive fibrosis from traumatic pancreatitis to a 
hemorrhagic state. 

Case Reports. The 14 cases are reported in detail. 
The condition remains a diagnostic problem even 
though the pyelographic appearances are clear cut. 

Conclusion. The danger of permanent renal 
damage 1s considerable. Surgical intervention in- 
volving ureterolysis and peritoneal transposition of 
the ureters is the treatment of choice.—Stephen N. 


Trager, M.D. 


Jose, Jonn S. Idiopathic retroperitoneal fibro- 
sis: notes on its diagnosis, management and 
pathogenesis. Brit. 7. Urol., Aug., 1967, 39, 
431-443. (From: Department of Urology, St. 
Thomas’ Hospital, London, England.) 


Since the initial description, over 140 cases of 
idiopathic retroperitoneal fibrosis have been reported 
in the literature. 

The following report discusses some insights into 
the diagnosis, management, and pathogenesis of this 
entity obtained during the management of $4 cases 
at St. Thomas's Hospital, London, in the past 5$ 
years. 

Diagnosis. The diagnosis of this condition de- 
pends on the clinical awareness of the examiner. The 
initial presentation may be nonspecific with symp- 
toms such as backache, low grade fever, anemia, 
nausea, malaise or weight loss and may not relate 
directly to the urinary tract. On the other hand, it 
may present with alteration of urine output such as 
oliguria or anuria and may be accompanied by azo- 
temia. Even though the fibrotic lesion 1s slowly pro- 
gressive, the onset of anuria may be quite rapid. 

The only consistent abnormal laboratory value 
has been the elevated erythrocyte sedimentation 
rate which also has been observed to parallel the 
fluctuations in the patient's clinical condition. The 
urinalysis is usually negative initially, although 
transient proteinuria or pyuria has been observed. 

Intravenous pyelography reveals nonfunction or 
hydronephrosis. Retrograde pyelography demon- 
strates the characteristic dilated proximal ureters 
tapering to a narrowed segment in the mid ureter 
and medial deviation at this level. The ability of the 
catheter to pass beyond the point of apparent ob- 
struction with relative ease is in itself suggestive of 
the diagnosis. Ureteral catheter may also be used to 
re-establish urinary drainage and correct azotemia 
prior to a definitive procedure. 

Management. Although nonoperative measures 
such as radiotherapy, steroids, and phenylbutazone 
have been utilized, the method of choice at this in- 
stitution is ureterolysis by a retroperitoneal ap- 
proach with wide lateral displacement of the ureters. 
This approach offers a long segment of ureteral 
mobilization and presumably less chance for recur- 
rence. Intraperitoneal transposition of the ureters 
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is used when it is felt desirable to know the total 
extent of the fibrosing process. 

Pathogenesis. In idiopathic retroperitoneal fibro- 
sis the chronic inflammatory fibrous tissue totally 
encases the involved segment but does not invade 
the ureteral wall; thus a true mechanical obstruc- 
tion, such as seen in carcinoma, 1s not present. 
Rather, the fibrous tissue inhibits peristalsis leading 
to inadequate drainage of the renal pelvis and ele- 
vation of the intrapelvic pressure. This functional 
obstruction produces the hydronephrosis seen. Cor- 
roborating evidence is provided by experimental 
studies in which only peristalsis is inhibited. Peri- 
stalsis may resume after treatment however, as was 
seen in a 6 month follow-up in one of the cases pre- 
sented.—Major Edward Savolaine, MC, USA 


Wess, Jonn, and Dawson-Epwarps, P. Ful- 
minating retroperitoneal fibrosis with peri- 
cystitis plastica. Brit. J. Urol., Aug., 1967, 
39, 444-449. (Address: Dr. John Webb, Con- 
sultant Surgeon, Bristol Roval Infirmary, 
Bristol 2, England.) 


In the usual course of events idiopathic retroperi- 
toneal fibrosis presents with bilateral ureteric ob- 
struction from a relatively localized area of retro- 
peritoneal fibrotic plaque. The onset of the disease 
may be gradual or acute obstruction may develop 
over a period of a few weeks. The authors report a 
case showing unilateral disease, with abrupt onset, 
fulminating course, and systemic manifestations. 

The patient, a 36 year old diabetic male, developed 
a bizarre acute illness which resembled infectious 
mononucleosis. Symptomatology included gener- 
alized lymphadenopathy, low grade fever, and 
hepato-splenomegaly. Following these symptoms 
prostato-vesiculitis developed together with inter- 
mittent priapism. Laboratory studies revealed Æ. 
coli in the urine and adeno virus in stool culture and 
blood titer. Intravenous pyelography demonstrated 
night hydronephrosis and obstruction in the mid- 
ureter with medial angulation at the level of obstruc- 
tion. Cystoscopy showed mucosal ulceration and a 
mass invading the bladder wall. Lymphangiography 
revealed large iliac and inguinal lymph nodes with a 
block of the lymphatics at the level of the ureteral 
obstruction. 

Surgery was performed and retroperitoneal fibro- 
sis was found extending from above the renal vessels 
into the pelvis and involving the perivesicular 
tissues. An additional diagnosis of pericystitis 
plastica secondary to the retroperitoneal fibrosis was 
made. 

Only 12 cases of similar bladder involvement are 
recorded in the literature and only 1 other case with 
as florid a symptomatology. 

A discussion of the histologic and cytologic find- 
ings ig presented and attention is called to rather 
active histiocytic proliferation and invasive fibro- 
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blastic metaplasia seen in some cases. The reactive 
hyperplasia of the lymph nodes in this case histo- 
logically resembled early Hodgkin's disease in some 
respects. The resemblance between the above find- 
ings and those of a hvpersensitivity reaction is 
pointed out as in accord with the observations of 
some other authors. 

The role of infection as a possible etiologic factor 
rather than a consequence of ureteric obstruction is 
discussed in the light of the sequence of events in 
this case and the fact that sever diabetics are prone 
to genital infections.—Major Edward Savolaine, MC, 


USA 
Happow, R. A., and Kemp-Harper, R. A. 


Calcification 1n the liver portal system. Clin. 
Radiol., July, 1967, 1d, 225-236. (From: St. 
Bartholomew’s Hospital, London, England.) 


Calcification in the portal system and liver is un- 
common. Three patients in whom portal calcifica- 
tion was found are described by the authors. In 
cases in which the calcification is rather nonspecific 
in type diagnosis can be made only by splenoportog- 
raphy. If the calcification is extensive it should be 
recognizable on a flat roentgenogram of the ab- 
domen because of the position and extent of the 
linear shadows crossing the vertebral column. 

Calcification in liver tumors is relatively uncom- 
mon. The calcification is usually of a mottled and 
nonspecific type. Since about 80 per cent of hepa- 
tomas and about ṣo per cent of cholangiomas are 
associated with cirrhosis, the finding of calcification 
in the liver of a known cirrhotic patient is apt to be 
of serious prognostic significance. Calcification in a 
gumma of the liver is extremely rare. 

The causes of hepatic calcification listed by the 
authors are: (1) Caleification in a hydatid cyst; (2) 
calcification in liver metastases; (3) calcification in 
primary liver tumors; (4) calcified aneurysm of the 
hepatic artery; (5) calcified liver abscess; (6) calcified 
tuberculous or histoplasmosis nodules; (7) calcified 
brucellosis granulomata; (8) calcified gumma: and 
(g) hepatic stones. 

The authors report 3 patients in whom portal 
calcification was found, in 1 with associated portal 
cirrhosis, and in 2 with portal hypertension due to 
thrombosis of the portal vein. Three patients with 
calcification in the liver were also seen: 1 with pri- 
mary carcinoma of the liver, 1 with a bile duct car- 
cinoma and the third with a gumma of the liver.— 
Samuel G. Henderson, M.D. 


GYNECOLOGY AND OBSTETRICS 
ADLER, JoeL B. and Parrerson, Roperr L., 
In. Erb’s palsy: long-term results of treat- 
ment of eighty-eight cases. F. Bone © Fotnt 
Surg., Sept. 1967, 49/1, 1052-1064. (Ad- 
dress: Dr. Joel B. Adler, Kohl Building, 
Route $9, Suffern, N. Y.) 
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has decreased 


— 


The ineidence of Erb’s palsy 


123 patierts seen at the Hospital for Special Sur- 
gery from 1939 to 1962 were available for follow- 
up with ar average interval of 18 years and a range 
of I to 35 vears. 

The incdence of Erb's palsy is related to the 
degree of difficulty of delivery and the birthweight. 
Only 13 0° 123 patients were said to have had nor- 
mal deliveries and 56 were reported as difficult; 
breech deivery occurred in g per cent. The 4 pa- 
tients with bilateral Erb’s palsy were all breech de- 
liveries. Tae birthweight averaged 9 lb. 8 oz., with 
a s~16 lb. range. 

The diagnosis is made clinically when there is no 
active motion. of the shoulder but equal passive 
motion of both shoulders. Roentgenograms should 
always be obtained to exclude skeletal injury. 

The authors discuss the necessity of early diag- 
nosis, various treatment methods and their late re- 
sults. The most important early treatment is pre- 
vention of contractures. 

The roentgen findings include molding of the 
humeral head anc glenoid in patients with a fixed 
internal rctation and adduction contracture. Three 
problems mvolve the elbow: (1) flexion contracture 
which mas be related to original trauma or the 
effects of early bracing; (2) posterior dislocation of 
the radial head; and (3) a progressive disruption of 
the entire elbow joint with medial and posterior dis- 
location of the ulna, flattening of the trochlea, angu- 
lation of tae proximal radial metaphysis, dislocation 
of the racial head and increased curvature of the 
ulna. Treztment in this latter condition has been 
entirely ursuccessiul. Thirty-eight of the 88 patients 
had some elbow deformity.---Martha E. Mottram, 
M.D. 


Jounson, Puitie M., Scranna, Jonn J., and 
O'Leary, James A. Placental scanning with 
sodium pertechnetate Tc??" serum albumin. 
Radtolegy, August, 1967, 89, 321-323. (Ad- 
dress: 622 W. 168th Street, New York, N. Y. 
10032.) 





Since the site of the placenta, especially in rela- 
tion to the lower uterine segment, is a major con- 
sideration in the management of vaginal bleeding 
during the third trimester of pregnancy, the ob- 
stetrician must determine its location if he is to 
decide if placenta previa is present. Placental local- 
ization using radioisotopes is now considered the 
method of choice in many centers because it 1s ac- 
curate, simple and safe. The amount of radiation 
delivered so the fetus and maternal gonads is far 
below that from roentgenographic methods. The 
establishec isotopic method depends on detection of 
a radioact ve tracer in the placental blood pool by 
multiple point counts taken over the abdomen with 
a scintillation probe. The isotopes of iodine and 
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chromium which are commonly used are sufficient 
for the above method, but in order that radiation 
doses be held to the minimum, they are unsatisfac- 
tory for high resolution scanning. 

Sodium pertechnetate Tc?"" bound to serum 
albumin has the favorable physical characteristics— 
6 hour half life and absence of significant beta radia- 
tion—which result in a very low absorbed radiation 
dose. Thus, it can be given in doses sufficient to per- 
form scintillation scanning, a method which is 
potentially better than multiple point counting. 

'This report describes the results of placental 
localization by using sodium pertechnetate Tc*?" 
serum albumin and scintillation scanning in 36 
gravid patients. The procedure is presented in de- 
tail. The anatomic site of the placenta was correctly 
predicted in 34 patients. In the 2 patients who were 
incorrectly diagnosed, one was a posterior partial 
placenta previa thought to be a low fundal implanta- 
tion, while the other was a low fundal implantation 
erroneously diagnosed to be a placenta previa. All 
36 pregnancies resulted in delivery of viable fetuses. 
There were no untoward reactions observed. 

Two illustrative cases are reported. It is stressed 
that trapping of free radioactive pertechnetate 
Tc??? by maternal and fetal thyroid tissue be mini- 
mized by expanding their iodide pools (iodide tons 
compete with pertechnetate ions) or blocking their 
uptakes with potassium perchlorate. Also, the iso- 
tope generator must be pyrogen-free. 

It is calculated that the radiation dose from a 
1,000 uc injection of this isotope is 5 millirads to the 
maternal whole body and 14 millirads to the fetal 
whole bodv, and that 3 per cent of the radioactivity 
crosses the placental barrier into the fetal circulation. 


— P. M. Kroening, M.D. 


Rarri, S., Horzman, G. B., Scorr, R. L., and 
Buzzard, R. M. Evidence for the placental 
transfer of tri-iodothvronine in human beings. 
New England J. Med., Aug. 31, 1967, 277, 
456-459. (From: The Departments of Pedi- 
atrics, Obstetrics and Gynecology and In- 
ternal Medicine, Johns Hopkins Hospital 
and University School of Medicine, Balti- 
more, Md. 21205.) 

The purpose of this study was to determine if 
tri-iodothyronine (T4) crosses the placenta and, if 
so, the dosage the mother must receive if the fetal 
endogenous requirements are to be replaced. 

Four groups of patients were studied: (1) normal 
pregnant women, without treatment; (2) normal 
pregnant women who were given either 150, 200 or 
300 ug. of Ts per day for the last 4 to 6 weeks of 
pregnancy; (3) athyreotic cretins who were preg- 
nant and whose therapy was changed to T; for this 
study; and (4) normal women who were not preg- 
nant. 

Serial T, by column determinations on the ma- 
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ternal serum was used to determine the effect of T; 
on suppression of the maternal hypothalamic- 
pituitary-thyroid axis. With complete suppressive 
doses of T; in the normal subject, the PBI, and by 
assumption the T, by column determination, which 
includes the T; and Ty iodine, fall into the hypo- 
thvroid range. The same determinations were done 
on cord serum since a fall in the cord T, by column 
would reflect the placental transfer of T; from 
mother to fetus with resulting pituitary depression. 
The authors found that significant quantities of 
Ts; crossed the placenta in at least ṣo per cent of the 
cases when 300 ug. of T; was administered to the 
pregnant female, and when smaller doses of Ts were 
given variable and perhaps insignificant transfer of 
T; occurred. There was a marked variability of 
placental transfer of T; between maternal and fetal 
pairs, or alternatively, individual variation in the 
suppressibility of the fetal hypothalamic-pituitary- 
thyroid axis.—Charíes W. Cooley, M.D. 
GENITOURINARY SYSTEM 
Reure, G. RONALD, and ANSELL, JULIAN S. 
Discordant occurrence of genitourinary de- 
fects in monozygotic twins. 7. Urol., June, 
1967, 97, 1078-1081. (From: Department of 
Urology, University of Washington Hospital, 
Seattle, Wash.) 


The authors report 5 instances in which one of a 
pair of monozygotic twins demonstrated significant 
urologic anomalies. These anomalies consisted re- 
spectively of bilateral testicular hypoplasia, hydro- 
nephrosis with ureteral valves, bladder exstrophy, 
hypospadias and neurogenic bladder dysfunction. The 
twin of each of these individuals was normally de- 
veloped. 

The causes of dissimilarity between identical 
twins may be either genetic or environmental. One 
genetic mechanism may be mutation occurring late 
in pregnancy so as to involve only one of the two 
embryos. Another could be activity of cytoplasmic 
inheritance factors, or the absence of unknown 
factors which are responsible for asymmetry in an 
individual. 

Environmental influences, such as prenatal pres- 
sure by one fetus or by the placenta or unequal 
placental development or blood flow during em- 
bryonic development, might account for unequal 
distribution of the anomalies. Toxic or infectious 
agents are conceivably of etiologic importance and 
also a combination of factors such as unfavorable 
environmental conditions which lower the threshold 
for abnormal genes. 

The authors point out that instances of this type 
in monozygotic twins are rare, but that when they 
occur the normal child offers an excellent donor for 
organ transplantation as well as a control for the 
therapy delivered to the abnormal infant. 

Six composite figures are used to illustrate the 
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defects seen in the affected children.—George W. 
Chamberlin, M.D. 





Rapwin, Howanp M., and Novose.sky, SeTH 
P. The gamma camera in pediatric urologic 
diagnosis. 7. Uro/., May, 1967, 97, 942-947. 
(From: Department of Surgery, Section of 
Urology, Tulane University School of Medi- 
cine, New Orleans, La.) 


The authors discuss their experience with the 
Anger gamma scintillation camera in the study of 
pyelonephritis, renal obstruction, and renal trans- 
plantation. 

The gamma camera by virtue of its ability to 
simultaneously scan the entire urinary tract allows 
the study of dynamic function rather than the 
morphologic appearance obtained by conventional 
scanners. 

The authors used radiomercury 203 or 197 or 
radiorodinated hippuran. The latter was frequently 
used because of its similarity physiologically to 
para-aminohippurate. Exposures of predetermined 
length were made at specific intervals after injection 
of the radioisotope. In general, several 1 minute 
exposures were made at intervals up to 2 hours after 
the injection, with the majority apparently being 
made in the first 15 to 20 minutes. A residual scan 
was usually done 2 days post injection. 

Obstructive disease was studied following water 
diuresis with hippuran being injected several min- 
utes after ingestion of several glasses of water. It 
was found that the isotope rapidly cleared the nor- 
mal side and was held up on the obstructed side. 
The area of localized obstruction was commonly 
identified. 

Study of patients undergoing rejection crisis in 
transplantation. showed findings similar to those 
seen in mild obstructive disease. Gradual accumula- 
tion of the isotope and increase rather than decline 
in the concentration of the material in the excretory 
portion of the tracing were found. This is thought 
to be due to accumulation of the isotope in excess 
of the renal capacity to evacuate it. This finding was 
similar to that seen in obstructive disease but is felt 
that sequential scans might be helpful by indicating 
whether the hold up was at the kidney level or at the 
ureterovesical junction or below. 

Chronic pyelonephritis was studied under condi- 
tions of antidiuresis. There was a delav in excretion 
found on the involved side which was not apparent 
in patients studied under normal conditions or under 
conditons of diuresis. It is suggested that this in- 
abibtv of the renal collecting system to respond to 
low urine volume by initiating peristalsis might be 
an early result of chronic pyelonephritis and might 
precede significant clearance alterations. The tech. 
nique apparently differentiates between the dilata- 
tion due to pyelonephritis and that due to obstruc- 
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tive disease in that in the latter delayed excretion is 
best seen under diuretic conditions.—George W. 
Chambertin, M.D. 


NERVOUS SYSTEM 


ALKER, GEORGE J., JR., GLAasauER, Franz E., 
ZoLL, JouN G., and SCHALGENHAUFF, REIN- 
HOLD. Myelographic demonstration of lum- 
bosacral nerve root avulsion. Radiology, July, 
1967, 50, 101-104. (From: Edward J. Meyer 
Memorial Hospital, Buffalo, N. Y. 11216.) 





The authors report 2 cases of lumbosacral nerve 
root avulsion secondary to traumatic separation of 
the sacroiliac joint. Although avulsion of the cervical 
roots as à result of traction injury to the shoulder 
girdle is well known, only 3 other myelographically 
proven cases of lumbosacral avulsion have been re- 
ported. The difference in incidence between nerve 
root avulsions at the two levels is probably related 
to the much greater stability of the sacroiliac joint 
and fixed bony pelvic mass protecting the nerve 
roots and preventing stretch upon them in this area 
as compared to the more delicate and mobile 
pectoral girdle. 

Nerve root lacerations and contusions are more 
common than avulsions in fractures of the pelvis. 
These are often seen in sacral fractures. Sacral frac- 
tures mav also result in nerve root avulsions but 
most lumbosacral nerve root avulsions are associated 
with separation of the sacroiliac joint, probably as 
the result of forceful shearing or peripheral nerve 
traction at the time of separation. Other possible 
mechanisms are stretching or contusion of the nerve 
and pressure injury to the lumbosacral nerve trunk. 

The mvelographic findings in these cases are the 
same as those seen in cervical nerve root avulsion. 
Pantopaque freely enters broad, often irregular, 
outpouchings in the subarachnoid space at the sites 
of the affected nerve roots. The nerve roots are not 
often seen. These pockets are created by tears in the 
arachnoid covering the nerve roots. These findings 
should be differentiated from the appearance of 
nerve root meningoceles, which are narrow-necked 
sacculations along the visible nerve roots. They are 
often bilazeral, multiple and asymptomatic. 

Myelography is indicated in suspected nerve root 
avulsions to differentiate this type of injury to the 
peripheral portion of the nerve, since the latter con- 
dition offers some possibility of eventual return of 
function following nerve repair.— 7. Brasseur, M.D. 


RADIATION THERAPY 
Berosacet, Danien E. The chronic leukemias: 
a review of disease manifestations and the 
aims of therapy. Canad. M. A. Fa June 24, 
1967, 96, 1615-1620. (From: The Princess 
Margaret Hospital, zoo Sherbourne Street, 
Toronto c, Ontario, Canada.) 


The author notes that therapeutic advances have 
improved the prognosis of patients with acute leu- 
kemias, but that the prognosis of patients with 
chronic lymphocytic leukemia (CLL) has not per se 
been improved. He believes that future designs for 
therapeutic trials should be alhgned with newer 
pathogenic concepts of CLL. 

Antimitotic agents, for instance, are poorly effec- 
tive in CLL because of the indolence and longevity 
of the CLL lymphocyte. Investigation of CLL 
Iymphocyte doubling time shows two distinct trends 
in counts monitored over many months which (de- 
spite chemotherapy) may indicate a homeostatic 
mechanism abnormally re-adjusted. Another char- 
acteristic property is the alteration of the patient's 
immune mechanism such as: (1) hypogammaglobu- 
linemia; (2) impaired antibody formation and de- 
layed hypersensitivity both primary and secondary, 
but especially the former; (3) impaired tissue culture 
lymphocyte transformation into "blast-like" cells 
after stimulation by phytohemagglutinin (PHA) and 
other antigens. The anemia of CLL may also be on 
an autoimmune basis since erythropoiesis is sup- 
pressed through interference with homeostasis 
rather than deficiency of erythroid precursors, and 
steroid therapy readily stimulates reticulocyte re- 
sponse. 

These recent concepts would possibly indicate 
that the approach to therapy of CLL should not be 
along lines of neoplastic disease, but rather by the 
use of yet to be developed agents that will restore the 
immunologic competence of lymphocytes. 

In chronic myelocytic leukemia (CML) the leuko- 
cyte doubling time decreases as the duration of the 
disease increases with consequent decrease in sur- 
vival. Survival time is decreased in the few patients 
(s per cent) with CML who demonstrate no Phila- 
delphia chromosome. CML may arise from an ab- 
normal hematopoietic stem cell since other somatic 
cells do not contain the Philadelphia chromosome. 
Therapy should be eventually directed at this stem 
cell if it can be determined that a normal stem cell 
coexists. At this time busulfan offers longer survival 
times than selective irradiation or P9, —AzcAard F. 


Torpie, M.D. 


Kine, D. Radiotherapy in the management of 
leukemia. Canad. M.A.J., June 24, 1967, 96, 
1621-1625. (From: Hamilton Clinic, The 
Ontario Cancer Foundation, Henderson Gen- 
eral Hospital, Hamilton, Ontario, Canada.) 


Splenic irradiation results in a rapid regression of 
a large, painful spleen. It has a remote effect on bone 
marrow by increasing the maturity of the myeloid 
series. It controls anemia due to hypersplenism. 

Whole-body irradiation may produce remissions 
where splenic irradiation or chemotherapy fail. 
Radioactive phosphorus 1s an agent for administer- 
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ing whole-body radiation but the response to it in 
similar cases may vary by a factor of to. 

External radiation therapy controls localized. in- 
filtrations of leukemic cells in the central nervous 
system, bones, skin and other organs. 

Megavoltage electron beam therapy with 4-8 
mev., as a whole-body technique, controls wide- 
spread leukemic skin deposits.-Louis H. Goldman, 
M.D. 


Boyp, J. T., Giggs, D. F., LABRUM, A. H., and 
Puites, F. R. Cervical screening for car- 
cinoma: a comparison of cytological and 
enzyme (6-phosphogluconate dehydrogenase) 
methods and clinical findings. Brit. M. F., 
June 24, 1967, 2, 785-792. (From: M.R.C. 
Statistical Research Unit, University College 
Hospital Medical School, London W.C. 1, 
England.) 

Comparison of cytologic testing and 6-phospho- 
gluconate dehydrogenase determinations of the 
vaginal fluid was performed on 4,385 married women 
attending 4 hospital and general practice clinics in 
order to determine the relative values of the 2 screen- 
ing methods for cervical cancer. 

Twenty-eight cases of carcinoma in sifu were de- 
tected of which 67 per cent consistently showed 
false-negative values on enzyme determinations. 
Sixteen per cent of 3,439 patients without cytologic 
evidence of malignancy had false-positive enzyme 
values (100 units and above.) Enzyme values in 
postmenopausal women were consistently higher as 
were those in patients with trichomonal infection, 
atrophic vaginitis and other signs or symptoms of in- 
fection. 

Because of the high percentage of false-negatives, 
the enzyme test is not considered a practical alter- 
native to cytology for detecting preinvasive cervical 
cancer. fohn Thomas McMurray, M.D. 





CaLAME, Ricard J., and WALLACH, ROBERT 
C. An analysis of the complications of the 
radiologic treatment of carcinoma of the 
cervix. Surg., Gynec. & Obst, July, 1967, 
725, 39-44. (From: The Gynecological Tu- 
mor Service, Departments of Obstetrics- 
Gynecology and Radiology, State University 
of New York Downstate Medical Center, 
Brooklyn, N. Y.) 


Seven hundred and eighteen patients with the 
diagnosis of invasive carcinoma of the cervix were 
admitted to the Kings County Hospital between 
1951 and 1964. 

Eighty two per cent of the Stage 1 lesions were 
treated by radical hysterectomy and so were all pa- 
tients with minimal parametrial or vaginal involve- 
ment of the ones of Stage u. 

The patients treated by radiation therapy alone 
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had late Stage n and Stage im lesions. The radiation 
therapy patients are divided in 3 groups. 

(1) From 1951 to 1966, 3,000 r tumor dose was de- 
livered through 4 portals in a period of 10 to 12 
weeks with a 250 kv. unit. Radium in intracavitary 
and contracervical doses of 6,000 to 7,000 mg.-hr. 
was administered before, during, or after the exter- 
nal therapy. 

(2) From 1956 to 1962, patients with Stage 1, I 
and 1v lesions received 3,000 r and those with Stage 
11 lesions 3,500 r to the tumor through ¢ portals in a 
period of 4 weeks with the same apparatus. Follow- 
ing that, co mg. of radium was inserted for 100 
hours; thus the whole course was accomplished in 5 
weeks. 

(3) From 1962 to 1964, 4,000 rads in 4 weeks were 
delivered by means of a cobalt 6o teletherapy unit 
and 6,000 mg.-hr. radium was given, fractionated in 
2 applications one week apart. 

(1) In the 1951-1956 group (137 patients), there 
were § rectovaginal fistulas, § vesicovaginal fistulas, 
1 infravaginal fistula, 5 severe rectal strictures with 
bleeding proctitis, and 8 cases with severe bleeding 
cystitis—-a rate of complications of 27 per cent. 

(2) In the 1956-1962 group (169 patients), there 
were 1 vesicovaginal fistula, 4 hemorrhagic cystitis, 
2 severe rectal strictures and 6 severe bleeding proc- 
titis—à rate of complications of 10 per cent. 

(3) In the 1962-1964 group (so patients), there 
were 2 rectovaginal fistulas, 1 vesocovaginal fistula, 
and 1 severe hemorrhagic cystitis--a rate of com- 
plications of 14 per cent 

The authors find a rise in serious complications 
following cobalt 60 therapy. Although the radium 
might be contributing to the complications of the 
midline, it is felt that cobalt 60 is the main respons- 
ible factor.--‘fohn Antoniades, M.D. 


Abstracts of Radiological Literature 


Fesrvary, 1968 


MISCELLANEOUS 


Rao, K. R. Report on Kerala (India), a region 
with high background radiation. Radiol. 
clim. et biol, 1966, 35, 373-380. (From: 
Strahlenbiologisches Institut der Universi- 
tat, CH-8003 Zürich, Switzerland.) 

This report is a review of a number of surveys 
conducted in South India to determine the back. 
ground radiation levels and to studv the effects of 
high natural radioactivity on inhabiting plants, ani- 
mals and human population. On the South-West 
coast of India is a strip of monazite sand deposits 
which contain principally thorium. The distribution 
of the radioactive sand is very uneven and the most 
massive deposits are in two regions: one at Mana- 
valakurchi, and the other is a stretch from Nee- 
andakara to Kayankulum in the State of Kerala. 
The radiation levels range from 1.0 mr/hour to 
c.o mr/hour. 

Studies on the uptake of radionuclides by plants 
growing in high radiation areas suggest that a signifi- 
cant linear relationship exists between the activity 
contained in plants and the radiation level. Dietary 
surveys were undertaken and have shown that the 
daily consumption of alpha activity through dietary 
items of plant origin ranges from 0.43 to 4.84 pe per 
person. 

Studies of rats trapped from high radiation loca- 
tions as compared with those from areas with normal 
backgroumd radiation failed to show any genetic ab- 
normality. However, certain interesting chromoso- 
mal abnormalities in the blood cells of people in- 
habiting the high radiation area are mentioned, but 
the details of these are not yet published.—-/smai/ 
Kazem, M.D. 
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Specifically designed for preradiographic bowel evacua- 
tion, X-PREP Liquid permits excellent visualization in 
G.l. and urologic roentgenography. 


No significant gas shadows. No residual oil droplets. 


X-PREP Liquid reduces or eliminates the need for enemas 
prior to radiography. 


And delicious X-PREP Liquid gives a welcome reprieve 
for your patients from the obnoxious taste of castor oil, 


Fasy-to-take, X-PREP Liquid is also easy to administer. 
Premixed and premeasured. this effective bowel evacuant 
comes in small, single-dose bottles —to be taken between 

2 and 4 p.m. on the day prior to radiography. Patients 
should be advised to expect strong purgative action. 
Caution: In diabetic patients, the physician should be aware of 

the sugar content of X-PREP Liquid (50 Gm. per 2% fl. oz. dose). 
Contraindication: Acute surgical abdomen. 

Supplied: Ready-to-drink in 2% oz. bottles (complete 

adult dose). 

Also available: X-PREP Powder (standardized senna concentrate). 
Mixed with water, % oz. canister provides complete adult dose. 


GRAY PHARMACEUTICAL CO., AFFILIATE, 
THE PURDUE FREDERICK COMPANY, 
Yonkers, New York 
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X-ray visualization following barium enema, 
Patient prepared with single dose of X-PREP 
Liquid —24 oz. Note absence of fecal retention. 
Courtesy of Statman, A. J.: An Effective Single-Dose 
Evacuant, J. M. Soc. New Jersey 63:95 (March) 1966. 
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The real story 


The story is modular unit construction. That's what 
makes the Ultima X-Ray Control Unit unique. It means 
we can build it to your exact requirements without the 
cost or waiting normally associated with custom con- 
struction. You can actually choose from 1056 different 
possible combinations of controls, timer modes, and 
special features. You can also choose from either 400 
or 600 MA models with solid state or thermionic valve 
high-voltage rectified transformers, 


After you make your selection, Standard will quickly 
assemble an Ultima from pre-fabricated, pre-tested 
modular component units ready in stock. Result? The 


control unit to fit your exact requirements in the fastest 
possible time. 


You get more than just choice with the Ultima X-Ray 
Control Unit. You get flexibility too. At any time, simply 
by changing modules, you can modify or up-grade the 
Ultima to meet new requirements. For example, if you 
wish to convert from the control of conventional 60- 
cycle x-ray tubes to control of high-speed 180-cycle 





is on the inside of the Ultima X-Ray Control Unit 


x-ray tubes, the Ultima can be modified quickly, on- 
the-spot, and with minimum cost. 


Servicing is simplified too. Modules and components 
can be serviced or replaced individually as required 
without dismantling the entire unit. Careful design has 
kept all parts readily accessible and easy to reach. 


Most important, you benefit from Standard's 53 years 
of experience in producing durable, dependable, and 
quality x-ray equipment. Every bit of this experience 
has gone into the design and production of the Ultima 
X-Ray Control Unit. 

Your Standard X-Ray dealer will be happy to explain 


the wide choice of options and other features available 
to you. He can also tell you about Standard's other 
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equipment. For the 
STANDARD X-RAY COMPANY 


name of your local 

dealer and a copy of 
a subsidiary of Cenco Instruments Corp. 
1932 N, Burling SL., Chicago, HI. 60614 





our new catalog, just 
contact us. 


MICROPAQUE now comes 


BARIUM SULFATE U.S.P. FORMULATION premeasured 
prepackaged 
for single-use 
by either route 
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MICROPAQUETTES are now available with 
2 oz. or 4 oz. MICROPAQUE content. Simply empty 
a packet into your mixer, add indicated water, 
mix, and there's your correct dose. Content is 
premeasured by weight, not volume, so it's easy 
to whip up the exact quantity you need, with ac- 
curate control of density, making it as thick or, 
thin as you want. Convenient, time-saving. 
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MICROPAQUE DISPOSABLE ENEMA 
KITS contain everything you need for a single 
enema: a plastic enema bag, six feet of tubing 
with a faucet connector on one end, a rectal 
acorn on the other, and 10 oz. of MICROPAQUE. 
To use, simply fill the bag with water, knead the 
bag to mix the charge, and promptly administer. 
Discard after the examination . .. no measuring, 
no pouring, no clean-up, no cross-infection hazard. 





single-use economy 


MICROPAQUE either Way, there's no waste: you mix only as 
much as you need, one packet or bagful per patient. 


No unused surplus to squander down the drain. No pos- 
: f sibility of contamination with dust or dirt. 
Ask your local Picker representative 
“erp voli iia ape sng offer on either way, you combine the proven virtues of 
icropaquettes and Enema Kils. MICROPAQUE with new ease and accuracy in dis- 


Call any local Picker office, or write : 
Picker X-Ray Corporation, White Plains, New York. pensing. 








Sterile, aqueous, viscous Medopaque 
offers optimal radiopacity and complete 
absorption in 45 minutes from mucous 
and sercus surfaces, Miscible with body 
secretions, spreads without droplet 
formation. Safe in the event of 
intravasation. In vials of 10 cc. 


For 

Hysterosalpingography 
Cholangiography (operative and t-tube) 
Biliary Ducts 

Fistulous Tracts 


Medopaque contains 35% sodium 
ortho-iadohippurate, 10% sodium 
iodide, with added stabilizer, 
preservatives and a blend of 
polyethylene glycols. 





Professional sample supply available on request. 


BELL-CRAIG, nc. 


41-14 27th Street L.I.C., N.Y. 11101 
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The Loner 


After all, a film that yields the contrast you want, coupled 
with maximum latitude and definition, has to be in a 
class by itself. 

Let your Ilford Technical Representative show you how 
Red Seal on Melinex® will perform in your processing 


system with Ilfomat Chemicals. 


** ILFORD INC. 


601 West 26th Street, New York, N.Y. 10001 
1217 East El Segundo Boulevard, El Segundo, California 90245 
8566 Elm Street, Hapeville, Georgia 30054 





AMPLATZ ? 


COMPACT CONTRAST MEDIUM INJECTORS 


A COMPLETE LINE FOR CARDIOANGIOGRAPHIC AND CEREBRAL VASCULAR STUDIES 


MODEL SIMPLEX 
Features double cartridge holder, reduc- 
ing valve, interchangeable stainless steel 
syringes. Operated by a manual valve 
. no electric connections, May be used 
for cardioangiography, cine-angiogra- 
phy, and intravenous aortography. 


posure control, 


MODEL A 
Has the same features os the MODEL 
SIMPLEX, but in addition is equipped with 
a heating jacket and automatic x-ray ex- 


PRECISION INSTRUMENTS DESIGNED 


FOR RADIOLOGISTS 


SPACE SAVING, PORTABLE - 








MODEL E 


Double cartridge holder, reducing valve, 
interchangeable stainless steel syringes, 
heating jacket, automatic x-ray exposure 
release for Schonander, Sanchez-Perez, 
and other types of seriographs. Injection 
time indicator for electrocardiograph. 
Electrically operated with automatic ex- 
haust at the end of injection, The unit can 
be actuated: (1) remotely from x-ray con- 
trol stand simultaneously; (2) separately 
from cassette changer by push-button 
cord; (3) by push-button on the injector 
itself. 


SPECIFICATIONS 


POWER SOURCE — Ail Amplatz injectors are powered 
by commercially available CO, cartridges (Sparklets or 
similar) used for preparation of charged water. All mod- 
els are equipped with a double cartridge holder. Several 
low-pressure injections are possible from one CO, car- 
tridge or one high pressure injection (up to 240 psi) 
from one cartridge. For higher injection pressures (up to 
300 psi) or for repeated injections, two, cartridges can 
be punctured, 


PRESSURE CYLINDER — Constructed of anodized alu- 
minum, area is 2.4 square inches. All movable parts are 
self-lubricating. 


SYRINGE — Constructed of stainless steel with physio- 
logically inert low friction Silicon rubber and Teflon 
seals. A small volume remains in the syringe to elimi- 
nate air injection. All syringes are interchangeable, 
available in volumes of 20, 30, 60, 70, 100, and 120 cc. 
HEATING JACKET — Thermostatically controlled electric 
heating jacket factory set to maintain temperature of 
opaque medium at 100° F. Temperature may be changed. 
Thermometer indicates actual temperature of contrast 
media. Warm-up time is 1 to 2 minutes, 


NEDMAC, INC. 


Syringe Size 


PRESSURE RANGE — Pressure is easily adjustable by 
standard pressure reducing valve. Pressure gauge is 
calibrated in pounds per square inch. Maximal gauge 
pressure is 300 pounds per square inch. Effective pres- 
sure varies with syringe size. 


Power Factor Maximal Effective Pressure 


120 ce, 1.5 450 lbs. per square inch 
100 cc. 1.8 540 Ibs. per square inch 
70 cc. 2.4 7 20 ibs. per square inch 
60 ce. B 930 Ibs, per square inch 
30 66 5.5 1650 Ibs. per square inch 
20 ce rd 2310 tbs. per square inch 


AUTOMATIC X-RAY EXPOSURE CONTROL — X-ray. ex- 
posures may be triggered by the injector by an adiust- 
able actuator on the piston rod. 


INJECTION TIME INDICATOR — The injection time can 
be recorded by connecting the injector to the "timer 
channel” of an electrocardiograph. 


DIMENSIONS -— Length approximately 19 inches. Weight 
approximately 11 pounds. Slight variation with different 
models. 


MEDICAL INSTRUMENTS DIVISION 


SCIENCE INDUSTRY CENTER 5410 INTERNATIONAL PARKWAY 


MINNEAPOLIS, 
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integrity to 
O second 
processing 


GAF-X* medical X-ray film makes the difference. 





image integrity 

GAF-X medical X-ray film, another breakthrough in image integrity from GAF 
is the film that closes the quality gap in 90 second systems. The advanced 
emulsion technology incorporated in this film is further enhanced by the use 
of GAFSTAR* polyester film base. This unique combination provides optimal 
image integrity along with excellent processing characteristics. 


versatility 

GAF-X film provides optimal image quality with wide exposure latitude. Tech- 
niques are interchangeable with those you use now. GAF-X film gives you 
maximum definition for clarity and superior detail that can make a diagnostic 
difference in borderline pathology. The excellent processing characteristics 
of GAF-X film allows lower dryer temperatures to be used. This lower tem- 
perature allows optimal drying of the film with improved image quality. 


economy and packaging 

GAF-X medical X-ray film is new in every respect, a new film with new advan- 
tages in 90 second and 3!/; minute processing systems. A new package for 
easy identification with new features provides easy use. New features in 
GAF-X medical X-ray film packaging include a rip-strip on the shipping con- 
tainer and the film boxes. The film boxes are reclosable with full length internal 
sleeves that provides a light-tight reclosable package. The reclosable package 
may be stored outside of the film bin. 


Packaging of GAF-X film in '300' and ‘600’ sheet packaging provides economy 
for all. The '300' sheet package contains four 75 sheet boxes with paper inter- 
leaving between the sheets of film. The ‘600’ package provides four 150 sheet 
boxes, without interleaving paper between the sheets of film. 


size availability 
GAF-X medical X-ray film is available in all standard sizes. 


ask for a demonstration of GAF-X film 
Your GAF X-ray representative will be happy to demonstrate GAF-X medical 
X-ray film, give him a call today. 


right GAF-X medical X-ray film is 
available in either '600' non-inter- 
leaved or ‘300’ interleaved packaging. 
Label identification shows the ‘600’ to 
contain four 150 sheet boxes, and the 
'300' to contain four 75 sheet boxes. 


below, left The '600' package contain- 
ing four 150 sheet packages is shown. 


below, right The individual boxes in- 
clude a full length internal sleeve that 
is lightproof for added safety. Reclos- 
: able top for maximum protection. 








GAF-X medical X-ray film 


A consistently diagnostic quality image 
— at 90 seconds. 
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No two ways 
about redi-FLOW 


(Gastric Suspension Barium Sulfate 30% w/w) 


Spee EMT ye eg ne 


Noe 


It's the pre-mixed, 
stable suspension, 
barium-in-a-can 


that's always the same. 





No two ways about redi-FLOW™ (gastric suspension barium sulfate). 
It's always the same. Get the picture you want with the same patient at 
later dates because there is no variable factor in the mixing. redi-FLOW '" 
(gastric suspension barium sulfate) is always ready-made to the same 
specifications of barium content, of specific gravity, of suspension, and 
of flow properties—day after day, month after month. It flows evenly 
as a consistent, uniform column of barium—doesn't precipitate in gastric 
fluid or small bowel. Your patients will love it. But don't let them have 
all the pleasure . . . try some yourself . . . it tastes like a good milkshake. 
No two ways about it—you’ll like redi-FLOW™ (barium sulfate sus- 
pension). Test it by using the coupon. 


FLOW PHARMACEUTICALS, Inc. 


\ 

i 

! Subsidiary of Flow Laboratories, Incorporated 

, 1070 Linda Vista Avenue, Mountain View, California 94040 
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Send redi-FLOW™ (gastric suspension barium sulfate , 30% w/w) samples to: 





Name 





Address 
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the all-purpose, all-power accelerator 
for unlimited radiotherapy. 


Mevatron 50 is the most powerful tool yet devised for radiotherapy—routine, 
advanced and experimental. It puts a complete arsenal of tumor destroying radiation 
at your disposal, including X-rays, electrons and neutrons at all energy levels 

and dose rates conceivably required. As a bonus, it will prepare a wide variety of 
short lived radio isotopes for diagnosis. A radiology department equipped with 
Mevatron 50 will possess unsurpassed capability in radiotherapy and radio diagnosis. 


50,000,000 electron volts — enough for any purpose. Lower levels are selected 
by pushbuttons to permit the depth of the dose to be accurately controlled. 
Energies from 10 to 50 Mev are selectable in 5-Mev steps. 


X-rays, electrons and neutrons — all produced at sufficient energy levels to 
treat tumors in any part of the human body. 


400,000 r/min —the experimental maximum dose rate. High dose rates 
facilitate research in hyperbaric oxygen therapy, whole body irradiation, and 
massive dose studies. Dose rates of 400 r/min X-rays and 500 r/min electrons 
are available for routine therapy. 


Short lived isotopes. The neutron beam will produce isotopes as follows: 
Isotope 


Fig Na22 Cosi Crag Breo BraoM Brze Sres li26 
Production rate per minute 
26mc ©6./po | 690uc 10.3mc 311mc 19.5mc 254mc 29.0uc 1.81mc 


Maximum reliability— Mevatron 50 uses the most reliable electronic circuitry 
available principally integrated circuits and other solid-state devices developed 
specifically to increase reliability. Mevatron 50 and the earlier Mevatron 8 

are the most dependable medical accelerators available today. 


Mevatron 8, the 8- Mev Operating simplicity. Routine therapy 
predecessor to Mevatron 50, is controlled by a pushbutton system 
IS now in operation easily operated by any technician familiar 


NM with standard X-ray or Cobalt 60 


equipment. An automatic alarm and shut- 
off system minimizes the possibility of 
over-doses and over-loads. A manual 
control system, accessible only to 
authorized personnel, will vary nearly all 
operational parameters for special therapy 
or experimentation. 






APPLIED RADIATION 


Send for complete information. Walnut Creek, California 94596 (415) 935-2250 


Now, for special 
radiological procedures: 
The non-launder, non-sort, 
non-bulky, non-woven 
sterile drape pack. 


Uu 


Towel —— 


pau" 


Mayo stand cover ~ 





| 


Field wrapper 








o Over-drape 








The New Disposable Medi-Pak RSP Pack. 


Cenco's Medical /Health Division designed this new 
disposable drape pack—especially for special radi- 
ological procedures. 

The new Medi-Pak RSP (Radiological Special Pro- 
cedures) Pack is guaranteed sterile. Tear off the top 
of the easy-open bag, and inner wrapper opens into 
sterile field. All essentials for special procedures 
are here—drapes, towels, Mayo stand cover—made 
of linen-soft, non-woven, disposable material, 

Guaranteed sterility is just one advantage that the 
Medi-Pak RSP Pack has over conventional linen O.R. 
packs. It can also save you space (up to 50%). And, 
of course, it's always radiographically transparent. 

With the disposable Medi-Pak RSP Pack, laundry 
and distribution personnel are free to handle other 
duties. There's a lot less paperwork involved in 
inventory and cost accounting, too. 
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divisions of Cenco Instruments Corporation 


2600 S. Kostner Avenue, Chicago, Hliincis 60623 T«f. (312) 277-8900 | 
1040 Martin Ave., Santa Clara, California 95052 Ted. (408) 244-0212 
1111 E. tath SiL, Los Angeles, California 90021 Tal (215) 627-2533 
982-13 183rd SL. Jamaica, New York 11423 Telephane (212) 479-5900 
419 Bayview Boulevard, Morfolk, Virginia 23503 Tek . 703) JU 7-6814 
24579 Kelly Road, East Detroit, Michigan 48021 Tel. £313) PR 1-4844 





Medi-Pak Radiological Special Procedures Packs 
are available for immediate delivery in case quantities 
(20 packs tc a case) from your Cenco X-Ray dealer. 
Ask him for a demonstration or write directly to 
Cenco X-Ray Company for information. route 


— 
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*This famous study in brush and light wash over chalk was done by a renowned Flemish painter. 
Do you know who it was? 


Heir to a proud legacy... Agfa-Gevaert fol- | 
lows a brilliant heritage of craftsmanship 77 
with the production of medical X-Ray film 5 


known for its superb quality the world over. ONUNU 


"MEZ, n 
*Study of a female saint on light grey paper / p 
Peter Paul Rubens 
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LOW X-RAY CORPORATION CL Lg tt 


161 Sixth Avenue, New York, N. Y. 10013 


X-RAY FILM 





Diagnostic Problem: 
When = Mechanical difficulties 


(deformity, anomaly, etc.) 


u Dehilitated states 

u infancy 

= Advanced age 

= Urinary tract infection 

= Pregnancy 

= Extensive pelvic surgery 


contraindicate the use of cystoscope or catheter 
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Diagnostic Remedy: 
Excretory urography with Hypaque’ 50% 


4 Diagnostic Advantages: 


1. Precisely defined urograms of kidneys, ureters, 
and bladder, with valuable information about 
their functional status. 


2. No interference with functional activity 
(sometimes a problem with instrumentation). 


3. No age limit to the procedure. 
4. No anesthesia required. 


Warning: Do not use Hypaque sodium for myelography. Injection of even a small 
Ton into the subarachnoid space may produce convulsions and result 
in fatality. 


Contraindications: Advanced renal destruction associated with severe uremia, 
and multiple myeloma. 


Precautions: Caution is advised in patients with hyperthyroidism, hypertension, 
severe cardiovascular disease, active tuberculosis, and a history of asthma or 
other allergy, especially to iodine. Because of the possibility of temporary 
suppression of urine, it is wise to allow an interval of at least 48 hours before 
repeating retrograde or excretory urography in patients with unilateral or 
bilateral reduction of normal renal function. 


Preventive Measures: The following precautions have been recommended to help 
prevent reactions in intravenous urography: (1) obtain a history of personal and 
familial allergies (for example, bronchial asthma, hay fever, and eczema), of 
previous iodine studies and of sensitivity to iodine and other drugs, (2) make a 
preliminary sensitivity test, (3) give preliminary antihistaminic medication, and 
(4) have medications on hand for emergency use. 


Side Effects: Excretory urographic agents may produce symptoms of an 
anaphylactic* nature in sensitive persons. Patients should be watched carefully 
during injection as serious reactions, inciuding fatalities, have occurred with all 
commonly used mediums. Although allergic reactions generally occur quickly, 
occasionally they may not be manifested for 10 or even 15 minutes. Warning 
signs and symptoms of possible intolerance or allergy include respiratory 
difficulty (wheezing, dyspnea or sensation of suffocation, and tightness in the 
throat or chest), sneezing, itching or urticaria, nausea or vomiting, and fainting. 
Minor reactions, such as nausea, vomiting, excessive salivation, flushing, 
dizziness. urticaria, and muscular twitching may occur. Special care is advisable 
in persons with a history of bronchial asthma or other allergic manifestations of 
sensitivity, especially to iodine. infrequently "iodism" (Salivary gland swelling) 
appears two days after exposure and subsides by the sixth day. In euthyroid 
patients following excretory urography with Hypaque, protein-bound iodine is 
elevated and the thyroid 1?! uptake is lowered, returning to normal after the 
3rd and Ath day respectively. 


Supplied: In sterile aqueous solution, Ampuls of 30 cc. (with 1 cc. test ampuls), 
S a m ^ Ens 25. Also, rubber stoppered vials of 20 cc. and 30 cc., boxes 
of 1, 1Oan 


* Physicians should study the package insert for information on preventive measures and 
management of untoward reactions before administering Hypaque (diatrizoate sodium). 


Urograms with excellent anatomical detail 


H j 4 0% 
y D a o ll e O Write for illustrated booklet 
(sodium) 


containing complete information 





brand of Sodium diatrizoate 


y WINTHROP LABORATORIES, 
linrthrog | PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS Nonny 10016 





same Old Sanchez-Perez 


Automatic Serio: 


There she sits. Our baby. For more than 15 
years, she’s been our baby. Try as we may, she's 
a tough one to improve on. 

So we're stuck with her. Same old reliable 
design. Same old simple, trouble-free operation. 
Same old dependability. (And still the only film 
changer in its price class.) 

She couldn’t be too bad, though. Lots of our 
customers keep as many as three and four Auto- 


raph. 





matic Serigraphs busy at a time! Whenever 
they need an additional film changer, back they 
come for cur Sanchez-Perez. Guess they kind 
of like it. 

Sure, we ve made some improvements here, 
some changes there—and we'll make more in 
the future. But basically she'll still be our same 
old Seriograph. We're stuck with her. 


THE AUTOMATIC SERIOGRAPH CORPORATION 
DIVISIO" OF LITTON INDUSTRIES 
P.O, Box 5000 . Des Plaines, Illinois 
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90? / 15? table with self-suspended 6" image intensifier mounted 
for swing-away parking. Offering fluoroscopv with TV chain or mirror viewer 





THE | 
NORELCO \ 
DIAGNOST 70 f 


= 
, 
i 
B 
E] 


ut» pd 


"ue 
| 
Rut 1-2 1 3 3 1-2 ee V 


= m. 





DIAGNOST 70 F 


Diagnost 70 with remote console and complete 
provision for remote operation. 


90°/ 90? table with four-way power top and self-suspended 

image intensifier. Automatic spotfilm device with automatic collimation. 
Choice of image intensifiers for TV fluoroscopy, 70mm spotfilming, 
cine or video tape. Bucky automatically centers on spotfilm device. 


THE Fully remote controlled, 90°/ 90° tables 
with possibilities for 70mm spotfilming, cinefluorography 


NORELCO teorie 


G T ND Table permits geometric magnification. Electronic 
RIN S A magnification is possible with 9/5 image intensifier. 


Norelco EQUIPMENT 


NORTH AMERICAN PHILIPS COMPANY, INC. 
Professional! Products Division, 100 East 42nd St.. New York, N. Y. 10017 





PRINTED IN U. S. A. 





Guides to the safe. effective use 


e of modern radiation techniques 





Wagner New 


PRINCIPLES OF 
NUCLEAR MEDICINE 


Here is a practical appraisal of the fast-growing 
field of nuclear medicine—-one that sets forth both 
present and potential values in augmenting current 
methods of medical diagnosis. With clarity and pre- 
cision, Dr. Wagner and his expert contributors ex- 
plain the physical, chemical and mathematical prin- 
ciples of nuclear medicine. The authors give you a 
comprehensive account of today's clinical applica- 
tions ranging from a 60-page delineation of radio- 
diagnostie techniques in thyroid disorders to a 42- 
page discussion of radiation dosimetry. Uses for all 
types of radiation detecting and measuring equip- 
ment as well as for all types of radiopharmaceuticals 
are described. In addition the authors have skill 
fully correlated the new techniques of nuclear medi- 
cine with more classical methods of diagnosis. Sepa- 
rate chapters are devoted to the applications of 
radioactive tracer methods in diseases of blood, 
lungs, circulation, digestive system, brain, kidney, 
ete. Additional chapters advise you on the effects of 
radiation and radiation safety. A brief sampling of 
the scores of topics discussed includes: radioassay 
of hormone plasma-——radioisotope renography—brain 
scans-—whole body counting-—in vitro tests, etc. 


Edited by HENRY N. WAGNER, IRn M.D. of The Johns 
Hopkins Medical Institutions. With 34 contributors. 896 pages. 
About 175 figures. About $29.00, Ready January, 1968 


Murphy 


RADIATION THERAPY 


in diagnosis and therapy. 


Rubin & Casarett New 


CLINICAL 
RADIATION PATHOLOGY 


The authors of this new two-volume work present an 
authoritative and critical study of the adverse effects 
of therapeutic radiation in the human body. Chap- 
ter by chapter, they systematically delineate the 
pathogenesis of radiation effects in all major tissues, 
organs, and organ systems, 


The authors first discuss the differences in radio- 
sensitivity of cells with respect to the combination 
of their proliferation, diflerentiation and individual 
life spans. With this as a base, the authors explain 
differences in radiation sensitivity throughout the 
hody. For all common types of radiation injury in 
each body area, you'll find specific and practical in- 
formation on incidence, prevention, and histologic 
change. For most body systems, a special diagram 
summarizes the clinico-pathologic course of various 
levels of radiation injury: acute, subacute, chronic 
and late periods. 


This valuable work offers assistance in prescribing 
safe, effective modes of X-ray diagnosis and therapy 
and in recognizing and evaluating radiation damage. 


By PHILIP RUBIN, M.D. and GEORGE W, CASARETT, 
Ph.D., both of the Univ. of Rochester School ef Medicine. 
About 1200 pages. About 400 illus. About $45.00, Two Volumes. 
Ready April, 1968 


New (2nd) Edition 


The New (2nd) Edition of this outstanding work brings you a wealth of up-to-date, comprehensive help on the 

indications, techniques, results, and complications of radiation treatment of cancer in each area of the body. 

Major revisions in this edition include current modifications of radiotherapeutic techniques with more em- 

phasis on the use of high energy radiation sources, wedge filter techniques and moving beam and strip tech- 
^ ty . oe Y MF 5? d y ef Read 1s * " * . us . * .* 

niques. The new “T.N.M.” method of clinical classification of malignant lesions and their extension has been 

used throughout the book. 


By WALTER T. MURPHY, M.D. of the Buffalo General Hospital, 1620 pages. 1337 illus. $45.00 New (md) Edition Published June, 
1967 


WwW. B. SAUN DERS COMP AN Y Wes Washington Square, Phila., Pa. 19105 


Please send and bill me: AIR 2/68 
[] Wagner -NUCLEAR MEDICINE-—About $29.00 
[] Rubin & Casarett--RADIATION PATHOLOGY-—About $45.00 e 


[] Murphy--RADIATION THERAPY —$45.00 
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The Digital Autofluoroscope? is 5.5 years old. Clearly, it is ahead of its time. However, 14 systems 
are in routine clinical use today. Each of these units was individually built by our Engineering De- 
partment. It has been engineered, engineered, engineered until now this final design has evolved 
and is being produced routinely in quantity by our Manufacturing Donan a 








Department. It is ready for you. Call for an appointment. 33 University E | - | d 
Road, Cambridge, Massachusetts 02138, Telephone: 617 864-7420 [y BAIRD ATU MG 


 Baird-Atomic Europe, The Hague, The Netherlands. Bairc-Atomic Limited, Hornchurch, England. 
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a research concept in contrast visualization 








No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,! "...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient," Macht et a/, have com- 
pared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 5096 diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.8% sodium iothalamate solution.’ 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as “good”; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
"poor." The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 





hives, pain in arm, sneezing, Fot flushes, stuffi- 
ness of nose or ears.’ 


The following chart* shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effecis expected in 
standard population of 1,000 patients by age, accord- 
ing to type of medium used 


medium used quality with 
and type standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 827 123 50 41 
0-191 126 122 3 1 3 
20-49 415 374 35 6 27 
50-69 315 240 5] 24 9 
70 or older 144 9] 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 126 115 6 5 7 
20-49 415 378 26 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 0 7 
20-49 415 393 20 2 29 
50-69 315 260 32 14 13 
70 or older 144 99 25 20 5 


"Adapted from Macht! tin some patients in this age 
group, higher ihan recommended doses were used. 

In theory: "The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects," 

In practice: "The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category," 

In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: first, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium.’ 


For brief summary of prescribing information, 
piease refer to the end of this advertisement. 





demonstrated in animals... Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest, Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: "We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO, concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material."? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments.'? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley* injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et a/.° reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. "When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. ..."? 


"In the case of the methylglucamine compounds, 
the same dissociation takes place, However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism.” 

proved in practice... Paralleling similar findings in 
animals, clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all intravascularly injected contrast agents, 
the possibility of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 6% incidence of side effects. The 
authors conciuded: “It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients... .""? 


In a 74-patiert study," comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: "With confused patients who 
are to have arteriography under local anesthesia, 
it is particulerly desirable to have an agent that 
causes little pain." In this study, since “...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cen: Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory"? 


better tolerated even in pediatrics...Citing some 
difficulties in administering contrast agents intra- 
venously to children, Strasser et a[.* selected 
Renografin-60 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: "The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium.’ 


For brief summary of prescribing information 
please refer to the end of this advertisement, 


definition of 
efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 
trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages— including renal pelvis, 
ureters and: bladder — may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence...!n a comparative 
study? of 3 contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 
perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et a/.,° 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. “Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (97%) of the cases, demonstrating 
the great diagnostic value of this procedure." And, 
as noted previously, Shealy found the contrast 
agent to be "quite satisfactory" in 1,500 carotid 
arteriograms." 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H.W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et al.: Angiology 15:107 
(Mar.) 1964. 5, Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar. 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 


Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelihood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is ‘often indicated by tran- 


sient burning and flushing, pain, “jump-like” 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 


The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite a 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxyl) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full detzils the Package Insert should be read. 
Supply: Renografin-60 is supplied in vials and 
ampuls as a sterile aqueous solution providing 
6096 meglumine diatrizoate containing approxi- 
mately 2996 firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S. P. 


‘The Priceless Ingredient' of every product 
is the honor and integrity of its maker, 


SQUIBB 


SPECIFY this new 
DUNLEE Rotating Anode Unit 


for your heavy duty 
radiographic uses 





The Dunlee HRF-15 unit is a general purpose over or under table shockproof 
rotating anode X-ray tube unit with improved engineering and design features 
to meet the exacting requirements of diagnostic service up to and including 
150 KVP. The Dunlee HRF-15 unit has an extremely high rating capability and 
is available in a selection of focal spot sizes. 


Available with 


€ Mammography tube 
@ 135,000 pure tungsten target 


@ 170,000 rhenium tungsten molybdenum backed target 


Get the extra advantages cf this new Dunlee tube on your 
next order. Write for compiete technical information today. 






CORPORATION 


DEPT. B, 1023 S. CERNAN DR. èe BELLWOOD, ILLINOIS 60104 
Telephones: Bellwood: Lingen 7-9535 * Chicago: COlumbus 1-6931 
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Easiest way 
to record elapsed time, 
and exposure intervals: 


KNIGHT X-RAY MARKERS 


embedded in plastic. Will not 
burn out in normal use. 
Arrows may be turned a full 
360°. Very useful in timing 
progress of barium or other 
dyes through a subject organ. 
$5.30 per marker. 


Write for new illustrated 
“X-ray Marker” folders. 





The Elapsed Time Marker can 
be set for minute or hour; the 
L. O. Minute Marker keeps 
record of exposures at 
l-minute intervals to 10 
minutes, then 15 and 30 
minutes — hours, too. 


These are lightweight, opaque 
lead letters and figures, 









knight & son inc. 
METAL LETTERS & FIGURES 


68 LANE ST., SENECA FALLS, M.Y, 13148 





HANLEY ECONOMY 14x17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


QUALITY AT LOW PRICES 
Vertical Filing 
We Build Special Size X-Ray Cabinets 
SPECIAL SIZE, 835 H x 194 D x 40 W, W/DOORS 


§ COMPARTMENT SIZE-—DIVIDERS I4 x 17 ........... 9119.00 
3 COMPARTMENT SIZE—DIVIDERS i4 x 17 .......... 00 
APPROVAL . GUARANTEED-—-F.O.B. FACTORY--CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 
5614 Seuth Grand X-ray Division St. Logis, Me. S311 


In reply to advertisers please mention that you saw their 
advertisement in 


THE AMERICAN JOURNAL OF ROENTGENOLOGY, 


RADIUM THERAPY AND NUCLEAR MEDICINE 


CHARLES C THOMAS « PUBLISHER 
Springfield . Illinois 


WANTED: RADIOLOGIST for full time 
appointment in active general medical and 
surgical hospital with teaching, research and 
residency approval. Affiliated with The Medi- 
cal College of Georgia. Position available 
immediately. Salary commensurate with 
qualifications and experience, plus many 
Federal fringe benefits. Equal opportunity 
employer. Apply to Chief of Staff, Forest 
Hills Division, Veterans Administration Hos- 
pital, Augusta, Georgia 30904. 
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How the concerned 
radiologist and his 
staff can achieve 
positive, personal 
radiation monitoring. 


Many states are now instituting or revising their 
regulations governing radiation monitoring. So 
now, more than ever, there’s reason for reliable, 
accurate, personal monitoring even for marginal 
cases, such as your secretary, as well as for those 
in everyday proximity to X-ray diagnosis and 
radium or cobalt therapy equipment. 

Many radiology departments already realize 
the irreplaceable value of film-badge radiation 
monitoring, such as our Nuclibadge® service. The 
principal advantages of this service are: fast, 
accurate, low-dose reporting: economy in a sub- 
scription service adaptable to your needs: and 
permanent filing of exposure records and exposed 
film by Nuclear-Chicago. 

Please use the coupon to obtain a free, no- 
obligation copy of our 24-page booklet, “Answers 
to Your Questions About Radiation Monitoring." 
ICH tell you more about this important subject. 
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|] 307 E. Howard Ave., Des Plaines, Illinois 60018 { 
| Please send me your booklet "Answers to Your | 
| Questions About Radiation Monitoring." i 
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30 YEARS 


of integrity have helped us 
to become America's largest buyers of 


USED X-RAY FILM 


e We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


e We remit in advance if desired, or promptly after receipt 


and tally of the value. 


e Write for prices today. We will send shipping labels and 
direct your film to our newest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicego 4, Ill. 





e CASE OF THE DAY by Benjamin 
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Felson and Jerome F. Wiot, both of 
Univ. of Cincinnati, Ohio. '67, 96 pp. 
(694 X 934), 9] iL, (Amer. Lec. Roent- 
gen Diagnosis edited by Lewis E. Etter), 
$8.50 


SURGICAL AND ALLIED MAL- 
PRACTICE by Bernard J. Ficarra, 
Long Island Univ., Greenvale, L.l z New 
York. Feb. '68, about 1,651 pp. (84 X 
11), 3 tables. 


PRINCIPLES OF RADIOGRAPHIC 
EXPOSURE AND PROCESSING 


(2nd Ed., 4th Pig.) by Arthur 
Fuchs, Rochester, N.Y. '67, 300 pp. 
(7 10), 600 iL, $10.50 


* CANCER OF THE STOMACH: A 


2 


Clinical Guide for Diagnosis and 
Treatment by John R. Kelsey, Jr., 
Baylor Univ. College of Medicine, Hous- 
ton. (5 Contributors) 767, 84 pp., 5 il, 
9 tables, $4.75 


ROENTGENOLOGY OF THE 
SPLEEN AND PANCREAS by Josef 
Róseh, Charles Univ., Prague, Czecho- 
slovakia. '67, 376 pp. (694 X 934), 434 
il., $29.75 


NORMAL RADIOLOGICAL ANAT- 
OMY: Radiological Opties and Film 
Interpretation by Henry Tillier, Late 
Professor of Radiology, Algiers. Trans- 
lated and edited by Ronan O'Rahilly, 
St. Leuis Univ. School of Medicine, Mo. 
Feb. °68, about 496 pp., 375 figs., 3 
tables. 


CHARLES C THOMAS ¢ PUBLISHER 


301-327 East Lawrence Avenue 
Springfield * Illinois ¢ U.S.A. 
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But whatever your own particular angle | ; 
the M.E.L. SL75 offers many invaluable ] ^" 
features originating from 17 years prac- 
tical experience in Linear Accelerator 
design. The SL75... which has been 
bought by hospitals in U.S.A., Sweden, 
Holland, Malaya, Australia and the U.K. 
...incorporates the facilities featured in 
the earlier model. The range of applica- 
tion is extended by the inclusion of 
360° rotation of the treatment head. 

The full facts are in the booklet, please 
write for your copy today. 





The M.E.L. Equipment Company Ltd. Manor Royal. Crawley. Sussex / Crawley 28787 


This equipment is sold in the U.S.A. through North American Philips Co. Inc., 
100, East 42nd, Street, New York 17, N.Y. 
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{NOW AVAILABLE” 


> O CONSOLIDATED 
O INDICES 
| 
o VOLUME VI 


BETTER CLEAN-UP 


in reducing absorption 
of useful primary rays 
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embracing 


The American Journal of 
Roentgenology, Radium Therapy 
and Nuclear Medicine 


Volumes 79-88 (1958-1962) 





Covers some 8,000 pages of original papers, 
editorials, biographical sketches, and ab- 
stracts of both domestic and foreign jour- 
nals published in THE AMERICAN JOUR- 
NAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE 
for the years 1958-1962. 


Fills a very definite need and will be wel. 
comed hy those who have occasion to con- 
sult the Journal during this five-year period. 
Increases the usefulness of your set of jour- 


nals a hurdred-fold. 


A Limited Quantity 
Has Been Printed 


NEW 


JEWEL - 
110 GRID 


RE ee ERNE rR RII IRA OHI RRO —— MPH 


Order Your Copy 
NOW 
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CHARLES C THOMAS - PUBLISHER 
301-327 East Lawrence Avenue 
Springfield - Illinois 


Here is a stationary grid of unequalled fineness. 


And, because it is comparatively free of the grid 
pattern, it will produce a radiograph of mag- 
nificent uniformity, Available in all ratios and 
sizes. The “slip-on” type-a PTE exclusive — 
permits the use of just one grid with any num- 
ber of cassettes. 


Ask your local X-ray dealer or 
IPIS write for a descriptive brochure. 


Send me the volumes I have checked below, | 
undersiand shat orders are subject to the exhaus- 
tion of avaiable stock. (This order is subject to 
withdrawal without notice.) 


Volume 1f (1938-1942), $10.00 
Volume ill (1943-1947), $22.50 
Volume PV (1948-1952), $23.50 
Volume V (1953.1957), $25.00 
Volume VÍ (1958-1962), $23.50 
*Vohume i (1903-1937) out of print. 
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YOU CAN ACQUIRE VALUABLE BACK VOLUMES 
AND SINGLE ISSUES OF THE PUBLICATIONS OF 


The American Roentgen Ray Society 


A limited quantity of the issues available are listed below. Orders are subject to the exhaustion of 
available stock. This offer is subject to withdrawal without notice. NOTE: For your convenience, the 
same price-—$2.00 per copy——-applies to all issues—no quantity discount. 


Order BACK ISSUES of the Journal from: 
CHARLES C THOMAS © PUBLISHER 301-327 East Lawrence Avenge SPRINGFIELD e ILLINOIS 





The American Journal of Roentgenclogy: 1921-1922 


Vol. 8, Nos. January thtu December (1921) Vol. 9, Nos. January thru December (1922) 


—————MM— —MÀMMÓ € 


The American Journal of Roentgenology and Radium Therapy: 1923-1929 


Vol. 10, Nos. Jan., Feb., April thru September (1923) Vol. 18, Nos. July thru December (1927) 
Vol. 11, Nos, nr: Match, April, June (1924) Vol. 19, Nos. February, May (1928) 
Vol. 12, Nos. July thru December (1924) Vol. 20, Nos. July thru December (1928) 
Vol. 15, Nos, apa thra June (1926) Vol. 21, Nos. January thru June (1929) 
Vol. 16, Nos. July thru December (1926) Vol. 22, Nos. July thru December (1929) 


Vol, 17, Nos. January thru June (1927) 


————— M MM — M MÀ 


The American Journal of Roentgenology and Radium Therapy: 1930-1966 
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Vol. 23, Nos. 1-6 (Jan.-June 1930 : 
Vol: M Noe 6 ( b oy 1350] The American Journal of Roentgenology, 
Vol. 25, Nos. 1-6 (Tan.-Tune 1931) i: 
Vol. 26, Nos. 1-6 (July De 1931) Radium Therapy and Nuclear 
oi. 27, Nos. 1-6 (Jan.-June 1932) 2 
Vol. 28, Nos. 1-6 (July Dec. 1932) Medicine: 1952-1967 
Vol. 29, Nos. 1-6 (Jan.-June 1933) : 
Vol. 30, Nos. 1-6 (Tuly-Dec. 1933) Vol. 68, Nos. 1-6 Inclusive (July-Dec, 1952) 
Vol. 31, Nos. 1-6 (Jan.-June 1934) Vol. 69, Nos. 1, 2, 3, 4, 6 (1953) 
Vol, 32, Nos. 1-6 (July-Dec. 1934) Vol. 70, Nos. 1-6 Inclusive ( Pd e 1933) 
Vol. 33, Nos. 1-6 (Jan.-]une 1935) Vol, 71, Nos. 1-6 Inclusive (Jan.-]une 1954) 
Vol. 34, Nos. 1-6 (July-Dec. 1935) Vol. 72, Nos. 1-6 Inclusive (Tuly-Dec. 1954) 
Vol, 35, Nos. 1-6 (Jan.-June 1936) Vol. 73, Nos. 1-6 Inclusive í an.-June 1955) 
Vol. 36, Nos, 1-6 (July-Dec. 1936) Vol, 74, Nos. 1-6 Inclusive (Tuly-Dec. 1955) 
Vol, 37, Nos. 1-6 (Jan,-June 1937) Vol. 75, Nos. 1-6 Inclusive (Jan.-June 1956) 
Vol. 38, Nos. 1-6 (July-Dec. 1937) Vol. 76, Nos. 1-3-4-5-6 (1956) 
Vol. 39, Nos. 1-6 (Jan.-June 1938) Vol. 77, Nos. 1-6 Inclusive aa. Tune 1957) 
Vol. 40, Nos. 2-6 (Aug.-Dec. 1938) Vol, 78, Nos. 1-6 Inclusive (July-Dec. 1957) 
Vol. 41, Nos. 1-6 (Jan.-June 1939) Vol. 79, Nos. 1-6 Inclusive Pn qune 1958) 
Vol. 42, Nos. 2-6 (Aug.-Dec. 1939) Vol. 80, Nos. 1-6 Inclusive (July-Dec. 1958) 
Vol. 43, Nos. 2-6 (Feb.-June 1940) Vol. 81, No. 5 (May, 1959) 
Vol. 44, Nos. 1-6 (July-Dec. 1940) Vol. 82, Nos. 2-4 (Aug.-Oct. 1959) 
Vol. 45, No. 5 (March 1941) Vol, 83, Nos. 1-6 Inclusive (Jan.-]une 1960) 
Vol. 46, No. 6 (Dec. 1941) Vol. 84, Nos. 1-6 Inclusive (Tur Dee 1960) 
Vol. 47, Nos. 1-6 (Jan.-Tune 1942) Vol. 85, Nos. 1.6 Inclusive (Jan.-Tune 1961) 
Vol. 48, Nos. 1-6 (Tuly-Dec. 1942) Vol. 86, Nos. 1-6 Inclusive pea oa 1961) 
Vol. 49, Nos, 2-6 (Feb.-June 1943) Vol. 87, Nos. 1-6 Inclusive (Jan.-June 1962) 
Vol. S1, Nos. 4-5-6 (April-June 1944) Yol. 88, Nos. 1-6 nc usive (Tal y-Dec. 1962) 
Vol, 52, No. 2 (Aug. 1944) Vol, 89, Nos. 1-6 Inclusive (Jan.-June 1963) 
Vol. 54, Nos. 2-6 (Aug.-Dec, 1945) Vol. 90, Nos. 1-6 Inclusive ir ee 1963) 
Vol. 55, Nos, 5-6 (May-June 1946) Vol. 91, Nos. 1-6 Inclusive (Jan.-June, 1964) 
Vol. 56, Nos. 3-6 (Sept.-Dec. 1946) Vol. 92, Nos. 1-6 Inclusive (Tuly-Dec. 1964) 
Vol, 57, Nos, 3-6 (March-June 1947) Vol. 93, Nos. 1-4 Inclusive (Jan.-April, 1965) 
Vol. 58, Nos. 1, 2, 4, 5, 6 (1947) Vol. 94, Nos. 1-4 Inclusive (May-Aug. 1965) 
Vol, 59, Nos, 2-6 (Feb.-June 1948) Vol, 95, Nos. 1, 4 (Sept., Dec. 1965 
Vol. 60, Nos. 1, 4 (july, Oct, 1948) Vol. 96, Nos. 3, 4 (March, April 1966) 
Vol. 61, No, 3 (March 1949) Vol. 97, Nos. :, 2, 4 (May, une Aug. 1966) 
Vol. 62, Nos. 2, 5 (Aug., Nov, 1949) Vol, 98, Nos. 1-4 Inclusive Sept.-Dec. 1966) 
Vol. 65, Nos. 1, 2, 4, 5, 6 (1951) Vol. 99, Nos. 1-4 Inclusive ( an.-April, 1967) 
Vot. 66, Nos. 1-6 (July-Dec. 1951) Vol. 100, Nos, 1-4 Inclusive May-Aug. 1967) 


Vol. 67, Nos, 1, 3, 4, 5, 6 (1952) 


Vot. 


101, Nos. 1-4 Inclusive (Sept.-Dec. 1967) 






Shedding a conventional 127^ lb. leaded xray apron 
_and donning our new light one is just like 
emptying your pockets of 1 silver dollar 2 half dollars, 


D . & quarters, 38 dimes,99 nickels, 18] pennies, 
a bal point pen, ] pocket knife and 4 keys 











But despite this lower weight, you lose no protection with this apron. Our new Lite-Gard apron fully 
provides the required 0.5 mm lead equivalent protection at 80 KV. Yet it actually weighs up to 4 Ibs. less 
_ thon conventional x-ray aprons. 

Ifyou now challenge your Picker salesman to prove that your current apron is unnecessarily over- 
EUM he's likely to pull out a scale (unrigged) right on the spot. Try it. 
But: OU u need not: wait for said demonstration: details will follow your request for file MA- 32. 















KER X ARRAY Corporation, 1275 Mamaroneck Ave., White Plains, N.Y - 1060 
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We try to present an accurate index. Occasionally this may not 
be possible because of a last-minute change or an omission. 








Can you see things better if they're bigger? Such as pictures of 
radioisotope distr ion maps 
Or perhaps you'll simply find it more convenient to have a "super 
scintiphoto' '—big as life, in a 1-io-1 correspon idence between the 
gamma-emitting organ you want to leis and its recorded image. 
More con a hes in a ag the o to a radiograph 
ia : why v V olo/5cope liL It snaps on one 
iw C amma i console. Has its own X-ray fili 
Pest 1958 sender TA x C14" film. Makes it easy to get sharp, life- 
size images of the or rga nor area P inve istigat ing. 
ti one of th AU Qi. ata display, manipula- 
now available fo r i Pho/Gamma 
Eran pies: Multidimensional analyzer, fast is printer, 35-mm 
automatic time-lapse camera, chart re dado computer-compatible 
magnetic tape system for rapid dynamic studies. 
Which means you should call your local Nuclear-Chicago sales 


M: 
- 
Ss Q 
I 


engineer soon. Or write to us and we'll send you the facts. 
(We're assumi ing you already know about Pho/Gamma IH and its 


adva 


proved clinical antages, 


ni if not, introductions are in order, pun ask 
us for the full Pho/Gamma ll 


story.) MN 


our new Photo/Scope Ill attachment for the Pho/Gamma? 





THE NEW. Life gire 
on conventional X-ray Him. 








1-to-1 scintiphotos: Now you id make them with 


Research in the 


Service of Mankiad 


$5 


NUCLEAR-CHICAGO 
CORPORATION 


A SUBSIDIARY OF G D. SEARLE a co. 
30? Howard Avenue, Des Plaines, IIl. 60018, LL S.A, 
Donker Curtiusstraat 7, Amsterdam W, The Netherlands 


as life. 
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Hi Scintillation Camera. 










THE FAMILIAR, 3" x a" 
on Pslareid fiim. 








SQUIBB 


a research concept in radiodiagnostics 


some significant 
advances in 
thyroid-testing 
technique 
<3 





The Tresitope Diagnostic Kit offers significant refine- 
ments in the performance of the resin uptake test for 
thyroid function. First, it employs I'?* which permits a 
much longer shelf life of test materials than I'?' and also 
lowers radiation exposure to the technician. Second, the 
kit is completely self-contained — no other equipment is 
required. And, as an in vitro test, it avoids exposing 
patients to any ionizing radiation, and the results are 
unaffected by the prior administration of most iodine- 
containing preparations. Furthermore, the technique is 
simple enough so that the test can be run in any hospital 
or office laboratory with suitable isotope facilities, and 
the amount of radioactivity is sufficiently small so that no 
AEC licensing is necessary, provided that not more than 
100 vials of Liothyronine |'?5 Buffer Solution are on 

hand at any one time. 


The technical difficulties encountered in preparing dif- 
ferent batches of resin sponges are avoided. 


Moreover, because it is an in vitro test, it is diagnosti- 
cally significant in the presence of unrelated nonthyroidal 
factors that are known to complicate interpretation of 
other test findings. More specifically, the test is un- 
affected by anxiety, hypertension, congestive heart 
failure, or administration of mercurial agents. And it is 
unaffected by prior administration of most iodine- 
containing preparations that can completely nullify 

the results of other thyroid function tests for con- 
siderable periods. 


I'?5 versus |"?! 

The use of I'?? rather than I"?! to label the liothyronine 
employed in the test is also advantageous. Employing 
1'25 considerably lengthens the shelf life of the liothy- 
ronine because I'?5 has a longer half-life and also 
because it emits no beta rays to affect the stability of 
liothyronine. The half-life of I'?5 is considered to be 60 
days while |'*' has a half-life span of approximately 

8 days. Other advantages of |'?5-labeled material include 
lowered radiation exposure to the technician, yet radio- 
activity is well within good counting range of modern 
Standard equipment and in vitro counting is quite 
efficient. 


In the continuing research for su- 
perior thyroid function tests, the 
in vitro Tresitope procedure rep- 
resents imporiant refinements in 
safety and simplicity—with longer 
shelf life of test material. 





convenient, safe, and practical 

The Tresitope Diagnostic Kit was specifically designed 
so that the test procedure is simplified and the possi- 
bility of redioactive contamination of the laboratory is 
minimized. The kit contains 10 capped vials, each con- 
taining Liothyronine I'?5 Buffer Solution (activity does 
not exceed 0.1 microcurie per vial), 10 plastic tubes of 
resin powder, and 10 separate droppers to avoid cross- 
contamination. The polystyrene carrier is also a test- 
tube rack, and it has been modified to facilitate washing 
of the resin powder. The reverse side of the package 
insert becomes the record sheet for test results. 


NOTE: While the resin uptake test is a very useful aid in 
the evaluation of thyroid function, it should not be used 
as the sole basis for such an evaluation. In any patient, 
the clinical state is probably the best indication of 
thyroid status, and any laboratory test must be inter- 
preted with caution when test results do not agree with 
clinical evidence. 


Precautions 

Use appropriate radiation precautions in handling, 
identifying and discarding all radioactive material. 
Remember thet minute amounts of radioactivity remain 
on components used in the test, including the poly- 
styrene platform when it is used in performing the test, 
and particularly when the Tresitope Suction Method is 
used for a number of tests. 


Tresitope* _ 
Diagnostic Kit 


Squibb Resin Uptake Kit with 
Liothyronine I? Buffer Solution 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. 


SQUIBB 


ARE YOU 
STILL USING 


FAT 


Li6 


If you are, its probably because you haven't 
heard about Wolf X-Ray's new 'Slim-Lite' 
illuminator. Slim-Lite is different...differ- 
ent and better than old-fashioned 'fat' illu- 
minators in two solidly practical ways. 

First, Slim-Lite is up to 5096 SLIMMER 

THAN CONVENTIONAL ILLUMINATORS... 
it looks better, it eliminates bulky ‘fat light’ 
projections and it saves you valuable desk 
and/or floor space. Secondly, Slim-Lite 
provides you with 50% MORE LIGHT 
(uses 3 fluorescents in- 
stead of the standard 2) 

..which means you 
work with a sharper, 
clearer picture without 
risking eyestrain. 


0. ll, © 


Á | °) 


To round out a complete picture of prac- 
ticality and value, Slim-Lite also offers 
you INSTANT START, Aluminum Parallel 
Reflectors for UNIFORM DIFFUSION OF 
LIGHT, the 'Magic-Grip' film retainer that 
eliminates the damage of springs and 
clips, a Stainless Steel Front and a Mod- 
ern Rocker Switch. Furthermore, for the 
most convenient, most practical mul- 
tiple viewing, Slim-Lites can be locked 
Be dk in series in any combination 
- r from two to eight (or 
more, if you wish). Now, 
ask yourself ...to shed 
the right light on any 
subject, shouldn't you be 

using a ‘Slim-Lite’? 


> WOLF X-RAY CORPORATION 


NEW YORK * CHICAGO * LOS ANGELES e TORONTO 


EXECUTIVE OFFICES: 182-20 LIBERTY AVENUE, JAMAICA, NEW YORK 11412 
AFFILIATES: WOLF DENTAL FILM MOUNT CORP. e WOLF RADIATION PROTECTION CORP. 








Radiologists 
are telling us 
their new 
Galaxy tables 
make the 
Sharpest 
Bucky films 
too. | 









tell us that we 
should tell this 
to other 
radiologists. 


‘ 
Iw 


(And that all this 


is achieved 


with less radiation 


dosage to both 


patient and 


radiologist) 


Details from 
your Picker 
salesman or 


write for file M-143. 
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. 4of every 5 new Departments 
of Nuclear Medicine get 
started with a Magnascanner 


(What does this suggest to you?) 


This fact hopefully suggests — to those contemplating the 
start (or expansion) of such a service — something about 
this instrument and the organization behind it. Other com- 
pelling points: the Magnascanner is far and away the 
instrument most widely used for diagnostic purposes by 
new or established Nuclear Medicine Departments; nearly 
2000 hospitals are now serviced by Picker Nuclear. (Most 
Radioisotope Departments start with us and seem to 
stay with us.) 

More. In less than 10 years the Magnascanner has become 
the keystone instrument in most Departments of Nuclear 
Medicine. This was the instrument that helped Nuclear 
Medicine specialists develop radioisotope diagnosis from 
a limited research technique to a practical, valuable, every- 
day, reliable, routine methodology. And in this rapidly- 
changing decade, the instrument changed too: multiple 
improvements and options were (and are always being) 
incorporated, making this the most up-to-date scanner 
available. Simultaneously, our line of other instruments for 
Nuclear Medicine expanded to the point of being the 
widest around. Nevertheless, nothing anyone has been 
able to do in this area (ourselves or others) has served 
to dislodge the Magnascanner from its keystone position 
in most Radioisotope Departments. 


PC67-130 


Now more about the new Magnascanner's versatility. Every 
new Magnascanner has both automatic and manual modes 
of operation—the new automatic mode speeds and simpli- 
fies set-up and self-checks the entire photo-recording sys- 
tem prior to the scan. And this is the only scanner that 
supplements the usual black and white data presentation 
with "colorscanning" (both photo and dot) which provides 
semi-quantitetive radioisotope distribution pictures. The 
Magnascanner also offers: the widest choice of collimators, 
an ability to upgrade (easily) from a 3" detector system 
well suited to the needs of the beginning program to a 
faster 5" system, exclusive subtraction and two-color 
scanning, and dual-detector scanning. 

A few final words about our obligations to you. We accept 
the premise that our obligations don't end at time of de- 
livery. We not only install the instrument and show you how 
to use it, but we feel it our obligation to help train per- 
sonnel when an institution new to this field doesn't have 
experienced personnel on staff. We have other obligations 
to you which our people are happy to detail. But mean- 
while, consicer further the choice of the Magnascanner 
(and the Picker commitment to you) as the keystone of your 


Service too by requesting our new brochure number 130X. 


Picker Nuclear, 1275 Mamaroneck Avenue, White Plzins, N. Y. 10605 PICKER ICE 





IMPROVED 


Van de Graaff” 
ACCELERATOR 


Improved Model 








AM Van de Graaff is the result of 


experience gained in 40 previous installations. 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


Today’s Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


e [ts less than 3mm "point source" 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e Its treatment beam is accom- 
panied by negligible penumbra. 


e its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


e [ts x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 





e it can be operated easily by a 
technician without a staff physi- 
cist in attendance. 





The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. It offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician. 


HIGH VOLTAGE 
ENGINEERING conronaArioN 


BURLINGTON, 


MASSACHUSETTS 
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WINDSOR MARK Il 


the heavy-duty general 
purpose, hydraulic 
90/15 Radiographic- 
Fluoroscopic Table. 


THREE PHASE 


higher quality output 
generators in 700 anc 
1000 MA capacities. 


DR.SWEET'S EYE LOCALIZER 


the proven standard for 
locating foreign bodies 
in the orbital cavity. 
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SCAT ORTHICON 


the image intensifier 
| : system with electronic 
os = magnification for 

| extended dynamic 
range at maximum 
speed of response. 
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ENVIRONMENTAL TEST FACILITY 


a climatic controlled area. . . our investment in new 
facilities to provide you with 
further improved quality of 
intensifier systems. 


"A" TABLE 





the flat top 
radiographic table 
suitable for use with 
mobile or stationary 
facilities. 


: A Division of Laboratory For Electronics, Ine: 
^'^ WALTHAM, MASSACHUSETTS 02154 — 


SQUIBB u 


a research concept in radiopharmaceuticals 





è 
A Cd need lor ordering separately after each referral a 
re YOu Or eri ng thing of the past. Most laboratories can pretty well 
à A estimate what their approximate weekly need will be, 
Cl t S so that everything can be ordered in one shipment 
ra IO | SO ope to arrive on any given day. Thus, when a patient is 
" referred, the diagnostic agent is already on hand and 
em eal ^) the test can be run immediately. Moreover, there is 
DIEC 8 only one shipping charge. And if the material arrives 
for use during the latter part of the working week, 


Squibb will bear the cost of radioactive decay 
over weekends. 


If you want to know more about this unique service 
feature, please contact your Squibb professional 
representative. He can arrange for a weekly "blanket 
order’ that is shipped to you automatically for 
arrival on any day you specify. 


It is also important that you know of the unique 
Squibb "prefill" program that anticipates and 
programs radiopharmaceutical parenteral produc- 
tion so that sterility and pyrogen test data are "in 
house ' before the material is released. Thus, Squibb 
good manufacturing practices assure — even with 
radiopharmaceuticals — the same high standards you 
would expect in any regular parenteral preparation. 


These are only a few of the many important features 
and services available to you when you use Squibb 
radioisotopes. Your Squibb representative will be 
happy to give you more details. 





Are you ordering separately after Medotopes: 


each referral and then rescheduling 

the patient? Most drugs areon hand Squibb Radiopharmaceuticals 
when the patient needs them. 

Why not radiopharmaceuticals? 


If a hospitalized patient needs blood, he can have it U NIQ ue 5 xz day 


within minutes. If an ill patient needs penicillin, it can 


a Li 
be prescribed immediately. But if he should need a [e Cal i bration 
radio-diagnostic test, he may have to wait several 


days for the material to arrive. 


There was a time when such waiting was necessary, lets VOU have VOU [ 


but no longer. Many of the available radio- * y 
pharmaceuticals have now reached the stage when enti re week S 
they can be integrated into the mainstream of 

medical and hospital practice and can be “at hand” 


a 
when needed. In particular, the unique 5-day needs at One t me 
precalibration of Squibb radioisotopes makes the 


The Priceless Ingredient' of every product 
SQUIBB is the honor and integrity of its maker. 





through X-ray department or operation 


—> on the same mattress 






ELEMA-SCHONANDER 
Write for details of the E-S system for transport and care of casualty patients. 
. ELEMA-SCHONANDER, INC. * P.O. BOX 130 * MOUNT PROSPECT * ILLINOIS 60056 
E 


Telephone 312 259-7206 
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Using 14" x 17" cut film in place of 
cassettes will improve, simplify, and 
economize your chest examination 
program. For details, contact your 
X-ray dealer or write to: 





SCHICK X-RAY CO., INC. 


415 Green Bay Road 
Wilmette, Ill. 60091 
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NORELCO 
DIAGNOST 50/6 
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90° / 15° table with self-suspended 6" image intensifier mounted 
for swing-away parking. Offering fluoroscopy with TV chain or mirror viewer 
and recording with 70mm spotfilm, cine, or video tape. 





THE 
NORELCO 
DIAGNOST 70 





DIAGNOST 70 F 


Diagnost 70 with remote console and complete 
provision for remote operation. 


90°/ 90? table with four-way power top and self-suspended 

image intensifier. Automatic spotfilm device with automatic collimation. 
Choice of image intensifiers for TV fluoroscopy, 70mm spotfilming, 
cine or video tape. Bucky automatically centers on spotfilm device. 


THE Fully remote controlled, 90°/ 90? tables 
with possibilities for 70mm spotfilming, cinefluorography 


NORELCO LL ur 


RING T ND Table permits geometric magnification. Electronic 
S A magnification is possible with 9/5 image intensifier. 


Horeleo | 


Norelco MEDICAL 


NORTH AMERICAN PHILIPS COMPANY, INC. 


PRINTED IN U.S.A. Professiona! Products Division, 100 East 42nd St., New York, N. Y. 10017 
















STERILE, PYROGEN-FREE 


AS YOU NEED IT, 
ALL WEEK LONG 


® 


99Mo/98mTc Sterile Generator 


FAST...EASY...ECONOMICAL ERA eae 
= simple vacuum elution system for maximum depen ndabilit 





















= entire system sterile...one-time entry to easily accessibl 
m high-yield...high chemical purity 
m multiple daily elutions possible 
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A 
SUPPLIED: 100, 200 k 
or 300 mCi at noon, ge 
New York time, on Mondays 2. 
following shipment; de 


in nonreturnable lead 
container, with complete - 
eluting accessories. 
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PRECALIBRATED 
READY-TO-USE 


TM 






INDICATIONS: Brain’ scanning. CONTRAINDICATIONS: sodium pertechnetate Tc 99m 
Should not be administered to pregnant or lactating ` SUPPLIED: In lead-shielded vials in con. 
women, or to patients under the age of 18 years, except venient COMPUTERCAP™ packaging; 10 or 
when necessary diagnostic information cannot be ob- 15 mCi at the time of calibration. 


tained by other types of studies or can only be obtained 
at a risk greater than the radiation exposure caused by 
this drug. WARNINGS: As with all radiopharmaceuticals, 
dose should be limited to smallest reasonable amount 
consistent with greatest value in terms of relevant diag- 
nostic information. PRECAUTIONS: Approved radiation 
safety precautions should be maintained at all times. 
ADVERSE REACTIONS: None reported to date; however, 
patients should be carefully observed. DOSAGE AND 
ADMINISTRATION: 2 to 10 mCi, administered by intra- 
venous injection. 


Physicians should consult product package insert before 
administering. 


NEISLER LABORATORIES, INC. 
Subsidiary ot 

UNION CARBIDE CORPORATION 

COO Radiopharmaceutical Dept. ` 

Mad P.O. Box 433, Tuxedo, New York 10987 





Diagnostic Problem: 


When = Mechanical difficulties 


(deformity, anomaly, etc.) 


Debilitated States 
Infancy 
Advanced age 

rinary tract infection 
Pregnancy 
Extensive pelvic Surgery 


contraindicate the use of cystoscope or catheter 
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Diagnostic Remedy: 
Excretory urography with Hypaque' 50% 


4 Diagnostic Advantages: 


1. Precisely defined urograms of kidneys, ureters, 
and bladder, with valuable information about 
their functional status. 


9. No interference with functional activity 
(sometimes a problem with instrumentation). 


3. No age limit to the procedure. 
4. No anesthesia required. 


Warning: Do not use Hypaque sodium for myelography. Injection of even a small 
amount into the subarachnoid space may produce convulsions and result 
in fatality. 


Contraindications: Advanced renal destruction associated with severe uremia, 
and multiple myeloma. 


Precautions: Caution is advised in patients with hyperthyroidism, hypertension, 
severe cardiovascular disease, active tuberculosis, and a history of asthma or 
other allergy, especially to iodine. Because of the possibility of temporary 
suppression of urine, it is wise to allow an interval of at least 48 hours before 
repeating retrograde or excretory urography in patients with unilateral or 


bilateral reduction of normal renal function. 


Preventive Measures: The following precautions have been recommended to help 
prevent reactions in intravenous urography: (1) obtain a history of personal and 
familial allergies (for example, bronchial asthma, hay fever, and eczema), of 
previous iodine studies and of sensitivity to iodine and other drugs, (2) make a 
preliminary sensitivity test, (3) give preliminary antihistaminic medication, and 
(4) have medications on hand for emergency use. 


Side Effects: Excretory urographic agents may produce symptoms of an 
anaphylactic* nature in sensitive persons. Patients should be watched carefully 
during injection as serious reactions, including fatalities, have occurred with all 
commonly used mediums. Although allergic reactions generally occur quickly, 
occasionally they may not be manifested for 10 or even 15 minutes. Warning 
signs and symptoms of possible intolerance or allergy include respiratory 
difficulty (wheezing, dyspnea or sensation of suffocation, and tightness in the 
throat or chest), sneezing, itching or urticaria, nausea or vomiting, and fainting. 
Minor reactions, such as nausea, vomiting, excessive salivation, flushing, 
dizziness, urticaria, and muscular twitching may occur. Special care is advisable 
in persons with a history of bronchial asthma or other allergic manifestations of 
sensitivity, especially to iodine. Infrequently "iodism" (Salivary gland swelling) 
appears two days after exposure and subsides by the sixth day. In euthyroid 
patients following excretory urography with Hypaque, protein-bound iodine is 
elevated and the thyroid 1'?' uptake is lowered, returning to normal after the 
3rd and 4th day respectively. 


Supplied: In sterile aqueous solution, Ampuls of 30 cc. (with 1 cc. test ampuls), 
Aer un A 25. Also, rubber stoppered vials of 20 cc. and 30 cc., boxes 
of 1, 10an : 


*Physicians should study the package insert for information on preventive measures and 
management of untoward reactions before administering Hypaque (diatrizoate sodium). 


Urograms with excellent anatomical detail 


H y 50% 
ypaq u e O Write for illustrated booklet 


(sodium) containing complete intormation 
brand of SOdium diatrizoate 
fyrffirag | PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS NUN doe 








a new procedures book... a better film for rapid serial radiography... 
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e cT 
3 fast-access film that doesn't compromise Multi-Process chemicals that and a tapered-speed screen 
diagnostic Clarity... produce excellent results under a that can be used 
variety of processing conditions... without wedge filters. 


We hope these products are helping you get a 
little closer to the ideal in radiography: 

to get every bit of diagnostic information out of 
a radiograph that modern technology will permit. 


You can be sure our science and energy will 
continue to be focused on Diagnostic Clarity. 
Our guiding philosophy is that there is no 
such thing as a perfect product. We're always 
trying to improve ours or develop new ones. 
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Continuous scan 
aphy 


the 


Thermovision the first 
and only thermographic 
equipment offering 
continuous image 
presentation for 
medical diagnosis. 





The thermal pattern of the 
human body appears liveon a 
5" TV-like cathode ray tube on 
which the brightness level in the 
picture corresponds to the 
temperature level in the heat 
pattern. Measurements of 
temperature differentials are 
instantly recorded by 
superimposed isotherms with an 
accuracy of .2^ C. 

Forthe medical record of the 
patient, a photograph of the 





thermal pattern can be taxen in 
seconds on Polaroid, 35mm or 
70mm film. 

How do those features of 
AGA Thermovision improve 
current procedure of producing 
thermograms? 


1 The time a patient has to spend 
in front of the instrumert is 
reduced to a minimum, due to 
Thermovision’s rapid scan of 16 
frames per second. Particularly 

in large scale screening 
programs, this is a vital cost factor, 


2 Sensitivity range, brightness 
level and contrast can be adjusted 
to optimum settings before a 
photograph of the image is taken. 


3 Accurate quantitative data can 








be recorded on film in form of 
superimposed isotherms which 
make secondary analysis of 
thermograms unnecessary. 


4 Transient temperature 
conditions like those resulting 
from artificial cooling of certain 
areas, or from the injection of 
drugs which affect the heat 
pattern temporarily, can be 
observed while the thermal 
changes occur. 

We believe the versatility 
and efficiency of AGA 
Thermovision will help improve 
thermographic techniques and 
open doors to new approaches in 
thermography. 


For further information, contact: 


THERMOVISION.... 
AGA Corporation, 550 County Avenue 
Secaucus, N. J. 07094 (201) 866-3344 
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Injection factors: 60 ml of 75% Hypaque (contrast medium) at delivery rate of 10 ml/sec. 
Legend: SA—splenic artery; PV—portal vein; C—collateral ; SV—splenic vein. 


DIAGNOSIS: 


Portal hypertension 


TECHNIQUE: Selective splenic arteriography 
DESCRIPTION (top photo): Arterial phase (normal) 


DESCRIPTION (bottom photo) : Absent perfusion of liver via portal vein. 
Portal flow diverted through collateral. 


EQUIPMENT: 


Barber-Colman Viamonte/Hobbs Injector 





Automatic flow rate control is the 


heart of each Barber-Colman Via- 
monte/Hobbs Injector. Just dialing 
desired flow rate and injection time 
results in delivery of preselected vol- 
ume with repeatable accuracy — re- 
gardless of variables in contrast media 
and catheter. Maintain linear flows 
up to those requiring approximately 
1100 psi. Discharge entire 100 ml 
syringe at rates infinitely variable from 
2 to 60 ml/sec, within the physiologi- 
cal limits of the specific. procedure 
and the catheter design. 


Se ee ON ue, A 


HANDLING INJECTOR EVEN 
MORE EFFICIENT: 


1. New Quic-Loc catheter connec- 
tor simplifies procedure and main- 
tains sterility — replaces syringe 
screw fitting with catheter lever/ 
lock. One short lever movement 
secures catheter fitting to syringe 
outlet. Reverse action unlocks con- 
nection. Spring detents hold Quic- 
Loc in center and locked positions. 
2. New E-Z-Fil attachment makes 
syringe filling faster and more con- 
venient. Connects to both standard 
screw fitting and Barber-Colman 
Quic-Loc connector. 

Protective cap slips down curved 
filler tube inserted into contrast 
media bottle — prevents entrance 
of contaminants. Base plate and 
spring clip secure bottle sizes to 
50 cc during filling operation. 
Write for literature, or phone 
815/968-6833. Barber-Colman 
Company, Electro-Mechanical 
Products Division, Dept. C, 1460 
Rock Street, Rockford, Ill. 61101. 
Or, contact your X-ray equipment 


supplier. 





Control 

your contrast 
medium 
injected... 
automatically... 
with 
repeatable 
accuracy. 
Barber-Colman 
Viamonte / 
Hobbs 
Injector. 


BARBER 


COLMAN 








after work, 





maybe he'd 


like to spend 


«ome time 





with the boys. 





Sure he would. 
Lab technicians are human, 
too, you know. 
If you're a medical or dental 
lab technician you probably 
know that. Sure lab technicians 
are human and the really good 
ones are superhuman. They have 
to be to keep up with their spe- 
cialty, to keep up with research. 
Well, anyway, maybe you'd 
like to spend some time with the 
boys. Get away for a change. 
You'll get paid for it. And 
you'll be helping your country. 
One weekend a month and | 
active dutv davs a vear. 














The Air Force Reserve needs 


you. Badly. 


Especially if you're super- 


human. 


AIR FORCE RESERVE 
HQ CAC IPRP-C) 
Robins AFB, Ga. 31093 


Please send me information about 


joining the Air Force Reserve. 


O | have had prior military service. 


O | have not had prior military service. 


My specialty is: 





NAME 
PLEASE PRINT 
ADDRESS 
CITY STATE ZIP 
Oe a S a A € 
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Huw cumputer programming 
automates serialography 
in new 420 CP Changer i 


Remarkable thing about the new Picker 420 The procedure will be carried out exactly 
CP Cassette Changer is the way simple as you've punched it, time after time with 
punchcards (you see a typical one below) dependable replicability. On the other hand, 
take over every operational aspect of seri- should you wish to vary the procedure in 
alography. You design the program in ad- any particular, you merely punch a new card. 
vance by punching holes at the desired time 

intervals for any or all of the action cate- 

gories shown. Having readied the patient, Great new idea, this electronic mastermind- 
you simply slip the pertinent card into its ing. Simple, versatile, time-saving. Unim- 
slot on the remote control: then start the peachably accurate. Best of all, ready to 
examination going from that remote station. serve you right ncw. 


PICKER X-RAY 
DOCTOR:- Robert Roe 
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This band lets you select exposure intervals me eee d mee 
(in 4 second increments) in any time-sequence desired over a range of 35 seconds. xr] TO 


This band lets you coordinate injection with exposure: 
multiple injection pulses can be integrated in any sequence. 


This band shifts the patient to predetermined positions if you're using the companion 
Picker Pedestal Table, with its motor-driven table lop (pictured below). 


a0 cm 


This band is reserved for any special parallel procedure (e.g., cineradiographic, 
cardiographic, or whatever) that you'd like to use now, or may develop in the future. 


THE 420CP CASSETTE CHANGER 


Horizontal and Upright Models joined for biplane 
angiography. The 4-way Traveltop of the Picker Ped- 
estal Table is here moved back to show close align- 
ment of upright and horizontal exposure faces. 






new high in radiographic definition, too 
because it uses vacuum cassettes 


The absolutely uniform overall contact between Screens and 
film attained in the Picker-Amplatz vacuum cassettes yields 
semarkably detailed radiographs, crisply defined from edge 
to edge and out to the very corners. Spectacular resolution 
in cerebral studies, for example, exhibits threadline vessels 
and capillary stains to great advantage. 





PICKER X-RAY CORPORATION 
White Plains, N.Y. 


SQUIBB 


a research concept in radio pharmaceuticals 


New help 
in diagnosing 
pulmonary problems 





Scintiscanning of the lungs now offers a new approach to the 
diagnosis of pulmonary disease.' With use of macroaggregated 
radio-iodinated I"?! albumin, lung scanning has been found to 
be simple, rapid and relatively safe,” and is invaluable as an 
adjunct to other diagnostic procedures whenever information 
about pulmonary vasculature is desired. 


Perhaps the most useful application of the lung scan has been 
for the early detection of pulmonary embolism where “... it 
appears that the lung scan can point to the site of embolic 
lesions before signs of lung infarction are recognizable on plain 
chest films."? This is important, for with the development of new 
means of treating pulmonary embolism, the need for improved 
diagnostic ability has increased. For example, the availability of 
anticoagulant drugs to prevent further thrombosis and of proteo- 
lytic agents to dissolve thrombi already formed, the use of 
surgical therapy (such as ligation or plication of the inferior vena 
cava and even pulmonary embolectomy) — all require more 
accurate diagnostic procedures.^? 


Of course, pulmonary arteriography can give an immediate 
positive demonstration of an obstruction in the pulmonary circu- 
lation as soon as it occurs, but this procedure is time consuming 
and technically difficult to perform. It necessitates injection of 
large quantities of high density contrast medium directly into the 
pulmonary artery, and it also requires cardiac catheterization 
(with some risk of dislodgement of venous thrombi). Moreover, 
experience has shown that patients with pulmonary hypertension 
may tolerate injections of contrast material poorly. Other exami- 
nations, such as x-ray study of the chest and electrocardiog- 
raphy, are rarely definitive.‘ 


In contrast, lung scanning with Albumotope-LS is a simple and 
direct adjunctive measure; reliable and virtually without risk of 
morbidity to the patient. And unlike pulmonary arteriography 

it does not require cardiac catheterization and involves only 
minimal inconvenience to the patient. All that is required is the 
i.v. administration of a relatively small amount of the isotope. 
And the test may be supplemented with other procedures when 
necessary. 


Although the lung scan has been used most frequently for the 
detection of pulmonary emboli, it can provide useful information 
in the diagnosis and evaluation of other pulmonary problems. 
For example, a recent report^ in the September, 1966, issue of 
Circulation discusses the potential applicability of the technique 
in the detection and assessment of mitral valve disease. Accord- 
ing to the authors, the technique has been found useful in 
screening patients with clinical findings of mitral valve disease 
who were not considered symptomatic enough to warrant car- 
diac catheterization...in the preoperative study of patients so 

ill that left heart catheterization was unusually hazardous...and 
in determining whether the pulmonary venous pressure is ele- 
vated in patients with known severe pulmonary arterial hyper- 
tension. In these latter patients it is often difficult to measure 
pulmonary arterial wedge pressure reliably and the more exten- 
sive manipulations necessary for left heart catheterization may 
be poorly tolerated. Thus, assessment of the distribution of 
pulmonary arterial blood flow by lung scanning affords a means 
for determining the existence of pulmonary venous hypertension, 
which suggests the presence of potentially correctable lesions, 
such as mitral stenosis or cor triatriatum.° 


New radioisotope scanning 
procedure can help detect 

the vascular changes of 
pulmonary disease before they 
show on chest films 


Photoscan of lungs of female patient, aged 50, showing 
pulmonary emboli. Chest x-ray taken same day showed no 
radiographic evidence of pulmonary embolism.* 





Albumotope-LS 


Squibb Aggregated 
Radio-lodinated (I") Albumin (Human) 


References: 


(1) Quinn, J. L., III; Whitley, J. E.; Hudspeth, A. S., and Prichard, R. W.: 
Radiology 82:315 (Feb.) 1964. (2) Sabiston, D. C., Jr., and Wagner, H. N., Jr.: 
Ann. Surg. 160:575 (Oct.) 1964. (3) Haynie, T. P.; Hendrick, C. K., and Schreiber, 
M. H.: J. Nucl. Med. 6:613, 1965. (4) Wagner, H. N., Jr., et a/.: New Eng. J. 
Med. 271:377 (Aug. 20) 1964. (5) Quinn, J. L., IIl; Whitley, J. E.; Hudspeth, 

A. S.. and Watts, F. C.: J. Nucl. Med. 5:1 (Jan.) 1964. (6) Friedman, W. F., and 
Braunwald, E.: Circulation 34:363 (Sept.) 1966. 

Dosage and Scanning Procedure: Recommended scan doses of 150 to 300 
microcuries of aggregated radioiodinated (1!3!) albumin depending on the 
instrumentation available and the technics employed. Scanning immediately 
follows administration of slow intravenous injection. Patient may be placed in 
a prone or supine position. 

Side Effects and Precautions: Radioisotopes should not be used in pregnant 
women, nursing mothers, or in patients under 18 years of age unless indica- 
tions are very exceptional. 

There have been no reported cardiovascular or other untoward effects 
attributable to Albumotope-LS. Extensive clinical use of Albumotope-LS has 
not borne out the hypothetical possibility that particles of large size might 
induce deleterious cardiovascular or cerebrovascular effects. The product 
appears to possess no antigenic properties. One patient with a known history 
of angioneurotic edema, who had been given Lugol's solution in conjunction 
with aggregated radioalbumin similar to Albumotope-LS, developed urticaria. 
Available: As a sterile, non-pyrogenic, aqueous suspension. Each cc. contains 
approximately 1 mg. aggregated human serum albumin labeled with 800-1500 
microcuries of iodine-131 at time of manufacture. Also contains 0.9% benzyl 
alcohol as a preservative. 


*|ustration furnished through the courtesy of George V. Taplin, M.D., Harbor 


General Hospital, Torrance, California. 


'The Priceless Ingredient' of every product 
SQUIBB is the honor and integrity of its maker. 


nil 
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ANSWER THE QUESTION: 
WHAT ABOUT RESULTS? 


When Kodak introduced its 90-second 
processing system two years ago, radi- 
ologists accepted it as a great step for- 
ward. Most felt that time and careful 
evaluation would be necessary to re- 
veal fully its benefits. First they wanted 
to know how results would compare to 
the conventional automatic processing 
they were using, then how such a sys- 
tem would benefit their office and hos- 
pital practices. 

There have been millions of expo- 
sures now using the Kodak 90-second 
film and processing system. Radiolo- 
gists have reported that by using inte- 
grated Kodak film, chemicals, and 
processors, they have been consistently 
achieving radiographs of highest diag- 
nostic reliability. 


How do they compare? 


An objective study of the Kodak RP 
X-Omat System (Kodak 90-second film, 
processors, and chemicals) was recently 
made and published by a group of ra- 
diologists. Four hundred and forty-four 
films were given to radiologists for 
comparison—222 studies on Kodak RP 
X-Omat Film, and a total of 222 studies 
on two other films, each of a type re- 
quiring longer processing times. All 
film identification markings were ob- 
scured with black masking tape. This is 
the conclusion reached by the radiolo- 
gist-authors: "Gross visual character. 


istics of the RP and standard film are 
equal; RP Film detected anatomic de- 
tail, both normal and abnormal, as 
well as the standard film and made pos- 
sible the same radiologic diagnosis.” 


l. As published in the September, 1967, JOUR- 
NAL OF THE CANADIAN ASSOCIATION OF 
RADIOLOGISTS, Vol. XVIII, pages 389-392. For 
your copy of the full report, write: Eastman 
Kodak Company, Radiography Markets Division, 
Rochester, N.Y. 14650, or contact your Kodak 
Technical Sales Representative. 


Three Kodak 90-second films 


Further, Kodak offers radiologists a 
choice of three 90-second films, each 
with different characteristics. Any one 
might suit a particular radiologist's 
practice, or c combination of two or 
even three might give desired results. 
All three — Kodak RP, RP/S, and RP/L— 
produce radiographs of traditional 
Kodak quality and uniformity. To select 
the one film or combination of films 
best suited for your practice, ask your 
Kodak Technical Sales Representative 
to demonstrate each film. By seeing the 
distinct characteristics of each, you will 
be able to choose which film or com- 
bination of films is best for you. 


You can't beat the system 


The full control you achieve because of 
the quality and choice of three Kodck 
20-second films in a variety of radio- 
graphic situations is augmented by the 
nature of the Kodak RP X-Omat Sys- 





tem. Its components—film, processor, 
and chemicals—are designed to work 
together, engineered to be easily and 
accurately maintained, providing uni- 
form results. By working with the sys- 
tem, radiologists and technologists 
know what they're working with and 
what they can expect. Instead of vari- 
ance, there's uniformity. Instead of dis- 
appointments, there are predictable, 
quality results, time after time. 


How efficient is the system? 


“The Kodak 90-second processing sys- 
tem is nearly five times faster, but do 
| need it?" you might ask. That's a mat- 
ter for individual consideration. Yet 
early studies and reports from those 
now using the system show what it can 
do. Kodak 90-second processing, ac- 
cording to one such study, means the 
capability to handle a work-load in- 
crease of 18 percent. By utilizing 90- 
second dispersed processing (an RP 
X-Omat Processor for each two exami- 
nation rooms), even greater benefits 
can be attained. Dispersed processing 
can reduce examination-room occu- 
pancy, on the average, by up to 25 


* 


percent. That means case load may be 
increased by 31 percent over that pos- 
sible with 7-minute central processing. 


What does it mean in practice? 


Reports from radiologists now using 
the Kodak 90-second processing sys- 
tem translate these figures into very 
real benefits. To the radiologist, it 
means increased utilization of exami- 
nation room and equipment, handling 
more patients with no expansion of 
facilities or staff. It means significant 
speeding up of fluoroscopic and other 
serial examinations that require proc- 
essed films during the course of the ex- 
amination. It means improved flow of 
"doctor-ready" patients. 


" 


Increased patient comfort 


The patient benefits by the greater effi- 
ciency of the radiological team in terms 





of better care— particularly in hard- 
pressed facilities. Nearly immediate 
delivery of processed films means 
greater patient comfort through short- 
ened serial examinations, elimination 
of patient call-backs. Radiologists also 
report that treatment can often be 
started sooner. Further, many radiolo- 
gists report that anesthesia time dur- 
ing special procedures can be mate- 
rially reduced. 


Hospitals, technologists gain, too 


Kodak 90-second processing means 
greater economy through greater effi- 
ciency for both hospital and private 
office practices. Examination facilities 
that seem to shrink day by day under 
increasing case loads can do the job 
without further expansion. 

The technologist becomes more effi- 
cient working with the Kodak 90-second 
processing system. Immediate film ac- 
cess reduces film loss or misplacement. 
Quality improves because technic can 
be checked before the patient leaves 
the room; finished radiographs can be 
correlated with the technic used.There's 
no time loss and confusion from a proc- 
essing backlog. Only 6'/; minutes are 
required to process a 20-film series of 
14 x 14-inch radiographs in a Kodak 
RP X-Omat Processor, Model Mó. 


EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, N. Y. 14650 


Updating is easy 


Moving up to the Kodak 90-second 
processing system requires no real re- 
orientation or new skills. Technic is the 
same ... processing is done five times 
faster. For new installations, the Kodak 
RP X-Omat Processor, Model M6, is 
compact, durable, trouble-free. It takes 
less than 5 square feet of floor space 
and is ideally suited to dispersed proc- 
essing — in many cases without struc- 
tural changes. 

Your Kodak Technical Sales Repre- 
sentative will be happy to give you full 
details as to how the Kodak 90-second 
processing system works, why its com- 
ponents were specially designed to 
work together, and how you might 
best take advantage of this revolu- 
tionary new system. Get in 
touch with him or your 
Kodak X-Omat Dealer 
for full details. 








For brain scanning, Pertscan-99m pro- 
vides more information with less radia- 
tionto the patient than any other related 
cerebral test—whether other radioiso- 
topes or x-rays. 


Gives each projection fast—15 minutes 
or less with rectilinear scanners, 2 to 4 minutes 
with a camera. 


Supplied in a ready-to-use sin- 

gle dose vial. 
Carrier-free, non-pyrogenic, sterile, 

and isotonic. 





Oral or intravenous administra- 
tion in two sizes: 10 millicuries in 4 ml. and 15 
millicuries in 6 ml. 


Monday through Friday—and Sun- 
day ...allows scheduling of brain scans 6 days 


a week—Monday through Saturday. 





INDICATIONS: Adjunctive diagnostic aid in detect- 
ing and localizing intracranial neoplastic (primary 
or metastatic) and non-neoplastic lesions. 


CONTRAINDICATION: Radio-pharmaceutical agents 
should rot be administered to pregnant women or 
to perscns less than 18 years old unless the indi- 
cations are very exceptional. 


PRECAUTIONS:Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as 
all personnel; to prevent extracranial contamina- 
tion because this can lead to errone- 
ous interpretation; and to differentiate 
areas of abnormal activity from areas 
of normal vascular activity. 803391 


TM-TRADEMARK 


Abbott announces 


If it's a pulmonary problem, 


Macroscan-131 pictures it! 


rv embolism, suspected: To confirm 
(or rule out) its occurrence. 


à 


To estimate 
unilateral and regional function and perfusion 
of the lungs. 


à iia 
iiA Sn m 
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To evaluate the degree of focal 
lack of perfusion. 

To evaluate the decreased re- 
gional blood flow that occurs without obstruc- 
tion of vessels. 


To evaluate the regional ische- 


m 
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+ clin tm pts 





mia resulting from compression or obstruction 
of pummenary arteries. 


To evaluate the effectiveness of hara 
peutic measures. 
Macroscan-131 is sterile and non-pyrogenic. 
It is ready to use and should not be heated 
prior to use. 


INDICATIONS: For scintillation scanning of the lungs to 
evaluate total, unilateral, and regional arterial perfusion 
to the lungs. 


CONTRAINDICATION: Radio-pharmaceutical agents should 
not be administered to pregnant women, nursing moth- 
ers, or to persons less than 18 years old unless the in- 
dications are very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken to 
administer the minimum dose consistent with safety and 
validity of data. The possibility of an immunological re- 
sponse to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in 
acute cor pulmonale, because of the temporary small 
additional mechanical impediment to pulmonary blood 
flow. A possible case of urticara has been 

related to a similar preparation. The thyroid S 
gland should be protected by prophylactic ad- cox A 
ministration of concentrated iodide solution. | 
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— DULA SUIL-PROOF INTENSIFYING SCREENS 


A NEW intensifying screen which offers-} 
very high resistance to 







iubens sila int, ^ 
and splashes. ; m 


In order to meet the widest range of 
usefulness, SOIL-PROOF Screens are 
manufactured in three degrees of speed: 
Normal (Type A), All-Purpose (Type AA), 
and Extra-Fast (Type AAA). 


All types of SOIL-PROOF Screens are free 
from objectionable grain, and the resolving 
power (sharpness of detail) is excellent. 


Freedom from lag, or afterglow, is a major re- 
quirement in any screen, and is an out-standing W NM S p” 
feature of SOIL-PROOF Screens—no danger of a - . 
transferring the previous exposure to a freshly bo — — uti 

loaded film. 





4 


Screens have been known to gradually lose speed Supplied 
due to discoloration of the screen itself—a form of A ll d d 
deterioration. Tests by ultra-violet light have proven in all stan ar 


the exceptionally long life of SOIL-PROOF Screens. and centimeter sizes 


The unusual resistance of SOIL-PROOF Screens fo soils, spols, 
and splashes is due to the highly finished surface which con- 
tains no valleys, crevasses, or pores which collect and retain 
grimy materials. The surface of SOIL-PROOF Screens is a 
very fough water-proof plastic, strongly resistant to darkroom 
acids and alkalies. 


To remove crystallized deposits of developer or fixer, dissolve mE 





the crystals with a wet swab; then wipe clean with a moist 


Even a wax pencil wipes off cloth. Don't try to remove the dry crystals, as in so doing 


easily with a dry cloth. you might scratch the screen surface. 





219109. 95 CI01c3: 7-41. meer ST. Louis, Mo. 63136 


* X-Ray accessories for those whe demand quality * 





CLEAR CHOICE IN 
HYSTEROSALPINGOGRAPHY 


WATER-SOLUBLE CONTRAST MEDIUM 


SALPIX 


0.53 Gm Sodium Acetrizoate and 0.23 Gm Polyvinylpyrrolidone per cc 


Fast, safe, accurate radiopaque visualization 
without irritation, residue, or pain 





ORTHO PHARMACEUTICAL CORPORATION «© RARITAN, NEW JERSEY 
AMIHUHIHMMINNIANBUAURPMUHÍMUMAMUBATUESITHAPTTIPEHTPEREIAUIRHINNUAYRPAUHUrUHUVHP neater aia ABAAA HANU APP AA PA HM MBAHUNINAANAAN NAMUR RURAL AAA UA SHE He P PHARA TOO STEEN 


CONTRAINDICATIONS -—Contraindications to hysterosalpingography include the presence of severe 
vaginal or cervical infections, existing or recent pelvic infection, marked cervical erosion or endocervicitis, 


and pregnancy, The procedure is contraindicated during the immediate pre- or post-menstrual phase. 


d cee `- -SENSITIVITY 1f indicated in the patient's history, an intracutaneous skin test or sublingual absorption 


Observation may be done with 0.1 cc SALPIX, WARNING Not for intravenous use. Gare ives 











a EWO: days. Three pid A week. Down- 











of our servicemen is waiting a a dew 
hours away from your office— maybe just 
a few minutes. 


Our servicemen can't do much with- - 
out a complete stock of parts, so we've ` 


done something about that, too. The 





swipe ‘em o! tthe soem in line, - 


coin is our philosophy of “build it. righ 
in the first place.” We must be doing : 
E pretty. good job there, too, because. ou 
- business is growing by leaps and bounds 
Profexray Division of Litton Industries |. deliver: top-quality equipment to you. ! 
has. beefed-up. our field-stock of service — 

| id. in case we overlooked any- f 


E : make sure it works, too. And work, di 
pr works, 




















Of course, on the other side of tha 











. You see, our job doesn't stop when 








and works .  .. 
be you'll be our next cus 
ire, we promise you'll never ha 
out that sign. Da 
: ot for very long, anyway. | Bes 








ILLUSTRATIVE 
CRANIAL 
NEURORADIOLOGY 


ALFRED L. SCHMITZ, M.D. 
Associate Clinical Professor oj Radiology 
University of California at 
Los Angeles Medical School 
Los Ángeles, California 


SAMUEL B. HAVESON, M.D. 
Assistant Clinical Professor of Radiology 
University of Southern California 
Medical School 
Los Angeles, California 


DUKE HANNA, M.D. 
Senior Neurosurgeon 
Daniel Freeman Memorial H ospital 
Inglewood, California 


The vast majority of problems and conditions 
met with in the clinical practice of neuroradi- 
ology are discussed in this practical text. For 
the most part, cranial manifestations of gen- 
eralized disease have been omitted, and there 
has been no attempt to present an encyclopedic 
description of all the unusual and rare condi- 
tions encountered in neuroradiology. The com- 
mon errors which novices repeatedly tend to 
make have been stressed. 

Divided into three major sections, the volume 
covers 


* the plain skull 
* intracranial pneumography 
* cerebral angiography 


Detailed — technical work is stressed 


throughout. 


By discussing only those findings which have 
been found valid by personal experience, and 
by describing fully those procedures which 
they personally have found reliable in practice, 
the authors have presented an outstanding 
volume. 


September, 1967 
$31.50 


404 pp. (815 X 1) 
2032 il, 


American Lectures in Roentgen Diagnosis 
Edited by Lewis E. Etter 


You'll also be interested 
in these new books 


for rcentgenologists . . . 


SELECTIVE RENAL ARTERIOGRAPHY: 
Its Application to the Diagnosis of Renal 
Vascular and Parenchymal Lesions by Ivan 
L. Burmell, State University of New York at 
Buffalo, Feb. '68, 248 pp. (684 x 934), 183 il, 
$18.75 


AN ATLAS OF PATHOLOGIC PNEUMOEN. 
CEPHALOGRAPHIC ANATOMY by Gio- 
vanni Di Chiro, National Institute of Neurolog- 
ical Diseases and Blindness, Bethesda, Md. (2 
Contribators) '67, 594 pp. (11 x 815), 926 il 
(5 in color), $49.50 


PRINCIPLES OF RADIOGRAPHIC EX. 
POSURE AND PROCESSING (2nd Ed., 4th 
Ptg.) by Arthur Fuchs, Rochester, N. Y, °67, 
300 pp. 47 x 10), 600 il., $10.50 


ROENTGENOGRAPHIC DIAGNOSIS OF 
BLADDER TUMORS by Erich K. Lang, 
Methodist Hosp., Indianapolis. Jan. 68, 132 pp. 
(T X 10), 94 iL, 11 tables, $9.75 


ROENTGENOLOGY OF THE SPLEEN AND 
PANCREAS by Josef Rosch, Charles Univer- 
sity, Prague, Czechoslovakia. '67, 376 pp. (634 
X 994), 434 il, $29.75 


THE FUNDAMENTALS OF X-RAY AND 
RADIUM PHYSICS (4th Ed., 4th Ptg.) by 
Joseph Selman, Univ. of T exas, Tyler. Jan. '68, 
498 pp., 306 iL, 16 tables, $10.50 









CHARLES C THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Illinois * U.S.A. 








Complete list of Thomas books 
for roentgenologists sent 
free on request 
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ew GAF-X Medical 


X-Ray Film 








Whether you're set up for 90-second processing 

or 3'/5-minute processing, you can achieve a top quality 
image with GAF-X...the new polyester-base medical 
x-ray film from GAF. 

Quality image with exposure latitude: New GAF-X film 
gives you maximum definition for clarity and superior 
detail that can make a diagnostic difference in borderline 
pathology. 

Balanced contrast: With built-in wide latitude for contrast 
control at all Kvp levels, GAF-X film lets you capture the 


A consistently diagnostic quality image — at 90 seconds or 31/2 minutes 


finest detail in both soft-tissue and bone studies. 

So if you're looking for quality at 90 seconds or at 31⁄2 
minutes, it's time for a good look at GAF-X. For 

tull information, contact your GAF X-Ray Representative. 
Or write us. 





another fine product from 


General Aniline & Film Corporation 
140 West 51 Street, New York, New York 10020 08568 








This is the most sophisticated of the Cobalt 60 units derived 

from our basic model. 

it was installed with no brickwork or cementing whatsoever. 
Some of its specific characteristics: 

irradiation head accommodates a source of 4500 RHM capacity - 
the head swivels side-ways and tilts back amd forward, both 


movements power driven with automatic stops at the zero positions, 


continuous rotation without end-stop for full flexibility in operation. 
The counterweight carries a light-pointer. 

These features, important as they are cannot, of course, possibly 
cover ali the widely divergent requirements of modern radiotherapy. 
That is why we offer a range of sixteen versions extending from 
the simple, basic model to the top version shown here. 


The elements of choice: 

maximum source capacity of 3000 RHM or 4500 RHM 

beam absorber or counterweight 

source-rotation axis distance 60 or 75 cm 

side-ways head-swivel only - or combined with forward and 
backward tiit 

motor-drive or manual operation for the combined head 
movements. 


THIS UNIT 
MAY NOT MEET 
YOUR 
REQUIREMENTS, 


BUT WE HAVE ONE 
THAT WILL! 





PHILIPS 
PROGRAMME IN COBALT-THERAPY 


iS fully described in a special brochure, 
obtainable from your local Philips orga- 
nization or agent, as well as from: 





Philips X-ray & Medical Equipment Division. 
Eindhoven - the Netherlands 


xxxvi 
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PHILIPS 


: METROPOLITAN MUSEUM OF ART, KENNEDY FUND, 1912 





'his famous painting in tempera and oil on wood was done by a renowned Flemish painter. 
2 you know who it was? 


Heir to a proud legacy... Agfa-Gevaert fol- ! | TUE. 
lows a brilliant heritage of craftsmanship 
with the production of medical X-Ray film 
€ known for its superb quality the world over. 


*The Adoration of the Magi 
Hieronymus Bosch 


X-RAY FILM 


LOW X-RAY CORPORATION 
161 Sixth Avenne New Ynrk N V 10013 





SOPHOTRA 


BARIUM SUL FAT! 





if the barium preparations you've used up 
to now have all seemed pretty much alike, 
then it’s time to compare the contrasts 
with ESOPHOTRAST® (the ready-to-use 
esophageal cream) and BAROTRAST® (a 
micronized form of barium sulfate). 

One of the prominent problems with 
most contrast media is no small matter. 
Their large particles have a tendency to 
precipitate and to flocculate out of sus- 
pension with the slightest change in pH, 
mucin concentration, or enzyme activity. 
Not so with ESOPHOTRAST and BARO- 
TRAST, both of which are formulated to 
in suspension even during routine storage. 

Then too, a common feature of many 
other barium sulfates suggests a sticky 
problem. The varying size of the particles 
reduces their adhesive properties since 
not enough particles come into contact 
with the esophageal and/or intestinal lin- 
ing to provide complete coverage. With 
micronized ESOPHOTRAST and BARO- 
TRAST, a maximum number of particles 





are available to produce a tenacious elastic 
coating that lasts for the time it takes to 
"get the picture." 

ESOPHOTRAST, because of its specially 
formulated viscosity, provides a consist- 
ent, prolonged, residual coat that permits 
an excellent outline of the esophagus as 
well as an evaluation of cardiac size. Since 
itis premixed, ESOPHOTRAST is ready for 
instant use, which means longer visualiza- 
tion time and shorter preparation. time. 
BAROTRAST, because of its natural vis- 
cosity, flows in a steady consistent column 
at a speed that can cut the upper G.I. se- 
ries and small bowel examination time al- 
most in half. 

Both formulations are creamy, nongritty 
and pleasantly flavored to help your pa- 
tient help you make the examination that 
much easier. 

Considering the barium sulfates in the 
light of this inside information, it would 
seem that there is a marked contrast. And 
all it takes is a little understanding to get 
the clear picture. 


Esophotrast - Barotrast 





E BARNES-HIND BARIUM PRODUCTS 


Subsidiary of Barnes-Hind Pharmaceuticals, Inc. 
sunnyvale, Calif. 94086 








Halsey Multiple 
Film Cassettes 


Utilizes a special book of matched screens of different 
speeds to provide comparable density and detail in each 
of the films. 

The 3-film model has 1 cm spacing between adja- 
cent films; the 5-film model, Y» cm spacing. 

Fits the conventional Bucky without requiring mod- 
ifications, by means of the special adapter tray supplied. 
Precision-built, with stainless steel frame, aluminum 
door and magnesium front. Opens and shuts easily. 

Available in a full range of sizes with DuPont or 
Radelin screen book. The 3-film and 5-film books are 
interchangeable. 


For use with open table only 
Can be installed in the Bucky housing after a modifica- 
tion (which does not interfere with conventional use). 
Spacing between adjacent films is 1 cm. 
Available in a full range of sizes, with DuPont or 
Radelin screen book. 


For close-section radiography 
Has the same outside dimensions as conventional cass- 
ettes, so no adapter tray or Bucky modification is re- 
quired. Spacing between adjacent films is 1 mm. 
Available in 8 x 10" and 10 x 12" sizes, with Radelin 
PLT screen book. 


Write for detailed literature 


Telephone 613-728-1841 
Cable '"NEMOTA'' 


PROVEN 
PERFORMANCE! 


ELDORADO 
AND THERATRON 


Accumulated experience and successful operations 
during 15 years, with more than 500 installations in 
47 countries, establishes the record of quality and 
reliability of the cobalt 60 teletherapy units designed 
and constructed by AECL. 


We would like to tell you more — we would like to 
give you facts, figures and specifications. We have 
representatives all over the world. Write for full 
information. 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products - P.O. Box 93 - Ottawa * Canada 





56.3M 


Backed by a five 
year warranty 


xh 


Now for the first time you can enjoy the reproduci- 
bility, ease and convenience of a T-3 test complete 
in every detail, from test kit to final report form . . . 
all from a single source. 

It's Mallinckrodt/Nuclear's TBI Diagnostic System 
— the easiest, most reliable in vitro thyroid function 
test... now easier than ever. 

With. M/N's new TBI digital Computer, designed 
exclusively for this test, the entire test procedure 
takes even less technician time than before . . . less 
than half any other. Simply insert control serum and 
press a button, Remove the contro! serum, insert pa- 
tient serum and press a second button. The Computer 
gives the Thyro Binding Index in a direct digital 
readout. No calculations. No needle parallax. No 
guesswork, 





Mallinckrodt - 





RADIOPHARMACEUTICALS 
Box 6172 Lambert Field 
St. Louis, Missouri 63145 


Atlanta * Chicago » Cleveland 
Los Angeles * New York © Montreal 





Mallinckrodt/Nuclear TBI Diagnostic Systems were 
designed from long experience with clinical labora- 
tories to provide the performance pathologists have 
been looking for — the T-3 test svstem of choice. Leas- 
ing can also be arranged to eliminate the necessity for 
equipment investment. Write for full details on TBI 
Diagnostic Systems, 
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MONITROL/I 


DIAGNOSTIC X-R AY TABLE 


built 


perform 





«v» tv 


s. 
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ON TARGET! 


SERVO-CONTROLLED COLLIMATION SHARPENS IMAGES, RE- 
DUCES "SCATTER AND DOSE." G-E True Field Collimator 
provides accurate fluoroscopic beam control resulting in 
an absolute minimum of unwanted off focal spot radia- 
tion. Intensified image definition is sharpened whether 
viewed with mirror optics, TV monitor or recorded pho- 
tographically. Servo-collimation can be controlled either 
manually or automatically. 


MONITROLAS 


A Hospital-Duty, 90-15° Table Built To Perform Around-The-Clock 


All table and lengthwise spot film motions can be power 
driven to ease the task of the radiologist and all controls 
are positioned for fast accessibility. When alternating 
fluoroscopic and radiographic technics, workability is 
further improved by the elimination of time-consuming 
coupling, uncoupling and parking of equipment. 

When you order a Monitrol/15 unit, you choose the 
spot film device, image intensifier, tube support and pa- 
tient safety features to fit your requirements. Your table 
is custom-made and shipped pre-assembled for fast 
installation. This delivery method is another General 
Electric exclusive service innovation. 


















?^JWER-DRIVEN GLIDE-TOP speeds procedures. A choice of 
table head-and-foot travel, 30-inch head/30-inch foot or al- 
ternate 45-inch head/45-inch foot is made at installation. 


GLIDE-BACK PARKING of spot film 
device allows for rapid table top 
clearance in shift from fluoros- 
copy to radiography. Parking ex- 
posure interlock switch prevents 
fluoroscopic exposure when de- 
vice is not locked in forward 
position. 
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SYSIEMIC CANCER: PHILOSOPHY AND 
MODALITIES OF TREATMENT* 


THE JANEWAY LECTURE, 1967 


By R. LEE CLARK, M.D.1 


HOUSTON, 


N 1900 there was essentially no recorded 

cure rate for any but the most super- 
ficial of cancers. Today we are realizing 
only a 35+ per cent over-all cure rate in 
cancer (v7z., no evidence of disease 4 vears 
post therapy). Yet in this spectacular cen- 
tury that began with man traversing his 
continent in a horse-drawn wagon and, in 
the comparatively short span of 60 vears, 
has sending him hurtling through space to 
explore the route to the moon, why have we 
not realized similar progress in the conquest 


of a disease that predates the invention of 


the wheel? 

Who are these 35 per cent, and who the 
ill-fated 65 per cent? Perhaps the simplest 
explanation is that the 35 per cent are 
comprised of people with 


people with another—svstemic or general- 
ized cancer. Imaginative and dynamic ad- 
vances have been made in the diagnosis and 
treatment of cancer but they have been 
concentrated toward efforts to inch up— per 
cent by per cent— this population of the 35 


one kind of 
cancer—localized--and the 6§ per cent of 


TEXAS 


per cent so-called “cured of their cancer" 
people. I am not suggesting that these are 
ignoble efforts unworthy of plaudits, for 
they are live and exciting testimony to 
heroic medical feats and an impressive 
fount of extensive information and knowl- 
edge in and of the natural history of thts 
disease. What I am suggesting is that per- 
haps our direction has been heavily biased 
in favor of this one group of cancer patients, 
to the neglect of the forgotten 65 per cent, 
to some of whom we give no more than our 
sympathy and disparagement. 

Interplanetary space travel moved from 
an era of Buck Rogers fantasy to the world 
of 1967 fact——from hypothesis to realiza- 
tion-—but not without surmounting the 
insurmountable. In medical science we are 
now at the time and place where we must 
launch a similar all-out assault on the seem- 
ingly insurmountable problem of systemic 
cancer for the benefit of those two-thirds 
of our patients not now being cured of their 
disease with present methods. 

As is true with any disease the best solu- 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
+ Director and Surgeon-in-Chief, and Professor of Surgery, The University of Texas M. D. Anderson Hospital and Tumor Institute 


at Houston, Houston, Texas. 
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tion to the problem of systemic cancer lies 
in its prevention. Too frequently definitive 
diagnosis is delayed through the prescribing 
symptomatically by the busy physician 
without suspicion of the underlying cause. 
Too often inadequate attempts are made, 
either by surgery or radiation therapy, to 
eradicate the cancer while it 1s still local, 
resulting in treatment failure which causes 
further delav so that when local reactiva- 
tion occurs it 1s already associated with 
systemic spread. 

Cancer either begins or terminates as a 
systemic disease. To eliminate all cancer we 
must develop a specific treatment method 
for systemic cancer through the creation of 
a defense mechanism in the body which 
either would prevent the actual develop- 
ment of the cancer process or would control 
or destroy the disease once it has become 
manifest. 

We are now treating the cancer patient 
with such methods as surgery or radiation 
therapy aimed at eradication of the local 


nidus and immediately adjacent spread of 


the disease. We cure one-third of those pa- 
tients whose cancers can be circumscribed 
and eliminated by these techniques. We do 
not cure the remaining two-thirds of our 
patients because either their cancers have 
spread bevond the confines of applicability 
of these techniques or, for one cause or an- 
other, the initial treatment is ineffectual 
allowing the cancer to reassert itself in the 
area of origin. 

Theoretically, our cure rate can be in- 
creased to perhaps one-half of the patients 
instead of one-third using present treat- 
ment methods. This is predicated on more 


widespread application of better methods of 


detection and diagnosis; earlier, more etfec- 
tive 7uitial treatment to decrease the inci- 
dence of recurrences; and lifelong follow-up 
of all treated cancer patients to ensure 
earlier detection of either recurrence or new 
cancers. This increase in cures from one- 
third to one-half can be done oz/y through 
recognition of the need for cancer treatment 
by a group of physicians especially trained 
in this field of medicine who approach the 
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solution as a team of experts capable of 
selecting the best therapy or combination 
of therapies for the individual patient. 

What about the two-thirds of cancer pa- 
tients we are not curing who die of their 
disease? Even if all cancer patients were 
treated i:n the earliest stage of their disease 
by the most versatile and knowledgeable 
group of cancer specialists we could not 
hope to save more than half of them with 
the means now available. The nature of the 
disease precludes a cure by purely local 
therapy because death is caused by a sys- 
temic or generalized cancer. 

The past contributions of the individual 
entrepreneur to the advancement of knowl- 
edge 1n cancer treatment have been com- 
mendable. But today continued progress 
lies in the enlistment of the best possible 
elements of multiple disciplines apphed to 
the patient in collaborative team therapy. 

The treatment of cancer by an approach 
to Its systemic nature has been going on 
only during the past 20 vears, even though 
Galen undoubtedly was striving for a simi- 
lar solution with his attempts to change the 
"bad humours” by altering the “black 
bile" he theorized was the seat of cancer 
origin. ' [n recent vears we have been s 
to retard momentarily the progress of 
generalized. cancer process or reverse Bie 
dominance of a systemic cancer manifesta- 
tion temporarily bv altering the hormonal 
milieu of the patient or by administering 
cvtotoxic drugs. 

The final resolution of this problem will 
be attuned only through the prevention or 
control of either the alteration in cancer cell 
reproduction or the lack of maturation in 
its progeny. All possible avenues in research 
investigation leading to an absolute eluci- 
dation of the intricacies of the cancer cell 
and rts relation to the host organism must 
be explored. 


MECHANISMS OF METASTASIS 


HISTORICAL EVOLUTION IN THE 
UNDERSTANDING OF METASTASIS 


Mes SUO Sarad AB à recent 
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"There is much to be learned about the 
dynamics of metastasis formation, for the 
solution to the cancer problem lies not so 
much in the control of the primary, but in 
the ability to prevent metastases." Herein 


lies the crux of my argument that some of 


our scientific emphasis must be shifted 
toward an understanding of metastases and 
our clinical emphasis on better manage- 
ment of the patient. 

The science of medicine has given rise to 
an astounding multitude of sophisticated 
but finite disciplines, each one of which 
subscribes to a theory about cancer causa- 
tion unique to its discipline. Within the 
limited horizon of a single discipline, this 
unique thesis may appear overwhelmingly 
true to its disciples. With an intense loyalty 
one attributes cancer to the viral theory; 
another clings to abnormal differentiation; 
a third, that cancer represents somatic 
mutation, To others it is an immunologic 
disorder, or a self-perpetuating defect in 
oxidative metabolism, or an adaptive dele- 
tion of a cell component.” Who is right-—or 
is it all of these? This is where we stand to- 
day 1n our concept of cancer and its meta- 
static capability. 

The spread of cancer from a local focus— 
but not in the modern 
cancer cell transport to remote sites—was 
recognized as early as 520 B.C. when 
Herodotus first described local and invasive 
spread of cancer. Hippocrates 1n the fourth 
century B.C. classified tumors as malignant 
if they spread, benign if they didn't. Celsus 
in the early A.D. decades was advising 
excision of breast tumors, stressing the in- 
volvement of the axillary nodes. At the 
same time Galen, advancing his humoral 
theories, was indicting black bile as the 
culprit in cancer—where black bile grav- 
itated there cancer appeared and to prevent 
it he advocated suppression. of hemor- 
rhoidal and menstrual bleeding." 

Galen's humoral thesis held swav for 
approximately 1500 years. From the 14th 
century up through the Renaissance there 
emerged advocates of total excision with 
inclusion of node dissection in cancer of the 


day concept of 
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breast who recognized extension of cancer, 
but not metastasis per se. Guy de Chauliac 
in the 14th century removed the total dis- 


ease, including what he referred to as 
"rests." Fabricius in the 16th century dis- 


tinguished cancer from inflammatory swell- 
ings, urging rigid complete removal of the 
cancer, Severinus excised the axillarv nodes 
along with the tumorous breast. Ambrose 
Paré did total excisions of the tumor and 
the German, Hildanus, carried out exten- 
sive dissections including the axillary 
nodes, 

The Renaissance period (1500 to 1700 
A.D.) sparked the first real impetus to the 
beginnings of our modern day concept of 
metastasis. It was during this period that 
Harvey discovered the circulation of blood 
and Olens the lymphatic system; Leeuwen- 
hoek produced the microscope and the old 
religious antipathies to postmortem ex- 
aminations were dissolving. Our first real 
coup d'état was scored early in the 18th 
century bv LeDran when he described 

cancer as being a local disease in its earlv 

stages that spread via the lymphatics to the 
regional nodes and thence to the general 
circulation. So by the end of the 18th 
centurv cancer was universally accepted as 
a disease that did, indeed, eventually 
spread with implant of secondary growths, 
necessitating wide excision to include all in- 
volved lymph nodes and tissue.” 

The term "metastasis" (defined as the 
transfer of disease from one organ or part 
to another not directly connected with it) 
was coined by Recamier in 1829 when he 
discovered a secondary growth of mam- 
mary cancer in the brain, It was he, too, 
who described local infiltration of tissues 
and venous invasion. Virchow, to whom we 
are indebted for the basis of cellular pathol- 
ogy which spelled the death of Galen’s 
humoral theory, admitted the possibility 
of—but did not subscribe to—cancer cell 
transport via the blood and lymphatics. 
Instead he espoused the thesis that tumors 
contained a fluid, which he termed “par- 
enchymatous juice,” which carried tumor 

cells to more distant parts of the body. He 
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recognized that this "juice" could pass 


through the lungs without implant of 


secondary growth and vet set up malignant 
changes at more remote sites.” 

It remained for Thiersch and Waldeyer 
in the late 19th century to dismiss Vir- 
chow's thesis of tumor cell suspension in a 
"parenchymatous Juice," ascribing the oc- 
currence of secondary growths or deposits 
of cancer to the phenomenon of dissemina- 
tion, or metastasis, via blood and lymph 
transport of cell emboli. The mechanical 
theory was gaining favor at this same time, 
its chief proponent being von Reckling- 
hausen who stressed retrograde flow in the 
lymphatics caused by obstruction and 
collateral channels. Stephen Paget first de- 
scribed the selective affinity of cancer cells 
for certain organs, the origin of the thesis of 
favored "soil" being the determinant for 
eventual germination of a secondary 
growth, a thesis expounded further bv 
VPE 20th century investigators 
Willis and Ewing.’ 

The concept of “lymphatic permeation” 
in which it was theorized that cancer cells 
escaped into serous cavities, pleura or 


peritoneum, were distributed by gravity of 


visceral movements to eventually become 
implanted on the serous surface of viscera 

was advanced by Handley in 1906. 

The thesis of athrepsia, originally ad- 
vanced by Ehrlich, in which immunity 
tumor implant was ascribed to lack « 
necessary nutrient material was given bu: 
ther credence by Clunet in 1910. Clunet 
hypothesized that removal of the primary 
increased. nutrient supply needed for sec- 
ondary growth deposits.’ 

Levin and Sittenfield (1911) could not 
subscribe to the thesis of athrepsia.? Up to 
this time varying views of different pathol- 
ogists held that specific affinity of cancers 
for certain metastatic sites was either due 
to chemical constitution of the recipient 
organ, the morphologic structure of the 
organ, the fact that the walls of the bone 
marrow were thin and noncollapsible, or to 
the size of the cancer cells relative to the 
minute size of blood vessels of an organ. 
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Through their experimental investigations 
with small animals, they found no evidence 
to suggest that the morphologic structure 
of the transport channels had any effect on 
the cancer cell; that location of metastatic 
deposits in different tumors was due to a 
specific affinity of cancer cells to the cells of 
ditterent organs.” They concluded that the 
main factors determining localization and 
frequency of metastasis were the character 
and malignancy of the cancer cell and the 
general and local susceptibility of the host 
organism, and that the failure or success of 
proliferation of cancer cells transported 
from the primary site was the result of an 
interaction of these two factors. 


ROUTES OF SPREAD 


From this background have evolved cer- 
tain undisputed and established facts about 
cancer. We know, for instance, that the 
route of spread from the primary focus 
usually follows a foreseeable and predict- 
able pattern in certain types of cancers. 
There 1s, for instance, almost no malignant 
tumor in which local extension of the tumor 
or invasion to the immediately contiguous 
tissue structures does not occur.’ From this 
invaded bed cell emboli break off, penetrate 
the walls of blood vessels, migrate by one 
of various routes and become arrested in 
capillaries or arterioles. The cancer cell 
embolus, or group of cancer emboli, or most 
usually a clump of cancer cells, is trans- 
ported by either of three routes—the 
vascular system, the lymphatic channels, or 
by transcoelomic mechanics-—to other tis- 
sues and organs remote from the primary 
focus, there to set up (or not, depending on 
multiple factors) secondary tumors or 
metastatic tumor deposits." It is known 
that most carcinomas are transported via 
the lymphatics and less frequently by way 
of the blood vessels, principally the veins. 
The reverse is true in the transport of most 
sarcomas.®? The traditional concepts of 
cancer autonomous growth with constant, 
progressive spread throughout the life of 
the host and its dependency upon the host 
alone for its blood supply and that early 
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treatment Js synonymous with cure, and 
conversely, that late treatment is of little or 
no avail have long been recognized as un- 
tenable.? 

Clinical recognition of the most frequent 
sites of preference for metastasis (of a 
thvroid cancer for spread to bone, of a 
breast cancer to lung, of a liver cancer to 
brain, or of a melanoma to small bowel 
mesentery) stimulated investigations di- 
rectly resulting in greatly expanded knowl- 
edge in and understanding of the transport 
routes of spread. 

This knowledge of the usual routes of 
spread of specific tumors frequently is of 
significant help in locating an unknown 
primary lesion, since the first symptom of 
disease often will be lymph node involve- 
ment. 


CANCER CELL CHARACTERISTICS 

The cancer cell possesses characteristics 
unique to it that give it capability of 
spread. These are its mobile, ameboid-like 
movement, its lack of adhesiveness making 
it capable of detachment from a tumor 
growth, its ability to multiply and prolif- 
erate, its lack of maturation, verv prob. 
ably an intrinsic spreading factor, similar 
to hyaluronidase, and probably a defect in 
cell surface membrane. The decreased ad- 
hesiveness of cancer cells is thought to be 
due to some alteration in their chemical 
makeup, their decreased calcium content, 
and their elevated potassium levels.‘ Other 
factors believed to affect the ability of the 
cancer cell to metastasize are morphologic 
characteristics specific to it, different from 
those of the normal cell; its rate and dura- 
tion of growth; a latent (or dormant) stage 
feature present in varying degrees before 
the cancer becomes clinically manifest. 

Factors now known about cancer are the 
premises on which we base our therapeutic 
assault on systemic spread. We know that 
increased host resistance decreases cancer 
cell spread; that host resistance can, to 
some degree, be increased through con- 
tainment of the cancer at the site of origin; 
that supportive measures to shore up the 
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host’s general physiologic defenses can 
lessen priority demands of cancer cells; 
that most cancers are present in the micro- 
scopic, preclinical state; that some cancers 
have a specific affinity for spread to certain 
organs or structures; that there are basi- 
cally two types of cancer—local and sys- 
temic; and that certain cancers are slow 
growing and others rapidly progressive. 

Variability in the biologic behavior of 
different cancers heightens the complexity 
of dealing with systemic cancer. Answers to 
the questions posed by this variability have 
been sought from many angles, many of 
which directly triggered the development 
of all these new basic science disciplines and 
subdisciplines. 


PRESENT PHILOSOPHY AND MANAGE- 
MENT OF SYSTEMIC CANCER 


Prior to the realization that all cancer is 
present in a preinvasive, or preclinical, 
phase the major thesis of therapy for cancer 
was first to detect and diagnose the disease 
at the earliest possible stage; then to attack 
the local tumor with the most radical ap- 
proach possible. 

Just a short 20 years ago evidence of 
wide invasive spread and metastasis was 
sufficient to negate any definitive therapy. 
The diagnosis was a cut and dried ‘‘non- 
resectable” and the patient was, for all in- 
tents and purposes, relegated to the realm 
of terminal, eligible for nothing more than 
palliative analgesia and sedation. For- 
tunately, this do-nothing attitude for sys- 
temic cancer has gradually given way to the 
institution of more hopeful and successful 
procedures, We are making inoperable pri- 
mary tumors capable of resection through 
the use of preoperative irradiation and/or 
chemotherapy designed to shrink these 
tumors so thev can be excised surgically. 
This makes possible both prevention of 
further seeding of the cancer by the pri- 
mary lesion and, bv eliminating its priority 
nutrient demands, gains time for the body 
host to build up its reserves for resistance to 
secondary growths. Thus the therapist, be 
he surgeon, radiotherapist, chemotherapist, 
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or internist, can direct his full therapeutic 
energies towards an intensive attack on the 
systemic disease. 

Where are we today in the art of thera- 
peutics for systemic cancer? We use four 
major avenues of approach--hormonal 
therapy, chemotherapy, radiotherapy and 
immunotherapy—alone or in combination 
aimed either at cure or containment. How- 


ever, we are following a single file pattern of 


attack, aimed not toward systemic cancer 


therapy per se, but rather treatment of 


metastasis relative to its specific primary 
focus, its histologic type and biologic na- 
ture, its usual pattern of spread, its ten- 
dency or frequency to arrest and develop 
secondary tumors in distant sites, its known 
predilection for certain seats of metastatic 
domain. And from this base, we proceed to 
the specificities of therapy for that par- 
ticular metastatic cancer, be it from the 
breast, the cervix, or whatever site of ori- 
gin. We tend not to look on metastasis in 
the concept of a specific disease entity; 
namely, systemic cancer. 

An understanding of the correct initial 
treatment, including selection of the best 
modalitv, adequately administered will fre- 
quently eliminate the local disease and 
markedly reduce metastasis. A typical ex- 
ample of what often happens is seen in pa- 
tients with soft tissue sarcomas, too many 
of whom, on first admission to our institu- 
tion, present with a history of from one to 
three inadequate attempts at surgical re- 
moval followed by recurrence. 


DETECTION AND DIAGNOSIS 


Patient delay is still the highest deterrent 
to early diagnosis, in spite of the fact that 
most cancers are detected first by the pa- 
tient. But also too many physicians fail to 
attach sufficient importance to the less 
obvious but nonetheless tell.tale sv mptoms 
of cancer in their patients. Harried physi- 
cians also often neglect to carry out even 
some of the more simple procedures during 
a routine physical examination which could 
lead to detection of an early cancer. 

Whatever the reasons for either patient 
delav or inadequate physician. examina- 
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tion, implicit is the need for a renewed im- 
pact in education of both the patient and 
the phrsician in the possibilities of cancer 
control which are available right now. A 
barrage of communication to educate the 
patient. not through the negative approach 
of fear, but rather with a positive appeal of 
hope fer cure might serve to stimulate 
earlier self-referral. A similar appeal to the 
physician, pitched positively toward the 
possibil zies for cure now available through 
sophistk ated research therapy might serve 
to stimulate renewed eftorts of more 
thorough adequate examinations, with prop- 
er refer7il of his patient if indicated. 


TREATMENT 


René Dubos once said “We can no longer 
afford to wait on complete scientific fact 
before we act. To wait is social suicide." 
This maxim ts &. particularly applicable to 
cancer therapy. Acting on the skill and 
knowlec ge we already have, being willing 
to abardon those modalities which have 
proven ineffective, having the courage to 
try ingenious combination modalities, we 
are now able to offer our patient effective 
therapies—some of them curative—that 
were not even thought of to vears ago. 

Surgey. The limitations of radical sur- 
gical attack and the stages of disease where 
radical surgical attack is worthwhile have 
been deñned. Adjunctive chemotherapy 
and radiotherapy have shrunk inoperable 
tumors, making possible their surgical exci- 
sion, We have been able to abandon sur- 
gical therapy entirely for some cancers, 
having achieved superior results with less 
drastic modalities of chemotherapy and ‘or 
radiotherapy. With increasing knowledge 
and earl er, better diagnosis, we can reduce 
the extett of some established radical sur- 
gical precedures, and expand our innova- 
tions in surgery used in combination with 
other therapeutic modalities. Supportive 
measures to enhance surgical therapy, such 
as careful patient selection, second-look 
operatioas, technical refinements Tee Alea 
conduit urinary diversion, transperitoneal 
lymphacenectomy, etc.), antibiotics to 
control itfection, physiologic postoperative 
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care with maintenance of electrolyte bal- 
ance, blood replacement, and control of 
wound infection, superb anesthesia and 
endocrine gland ablation now permit the 
most effective use of radical surgery when 
indicated. We can expect further improve- 
ment only through making these tech- 
niques more universally available. 

Chemotherapy. Generally speaking we 
have achieved no cure of cancer through 
chemotherapy with two possible excep- 
tions, the chorioepitheliomas and Burkitt’s 
tumor. In spite of discouraging effects of 
chemotherapy as a curative, anticancer 
agents have nonetheless produced enough 
other promising results to justify our con- 
tinuing search for new and better agents. 
The use of chemotherapy alone in the treat- 
ment of patients with advanced (inoperable 
or recurrent) carcinoma of the ovary where 
the lesion is 3 cm. or more in diameter has 
been very encouraging.! Chemotherapy has 
produced numerous instances of complete 
remissions with no detectable evidence of 
disease by current evaluation methods. The 
rising percentages of cures, remissions, and 
tumor regressions attained by chemother- 
apy in the past 1o years, particularly in 
acute lymphocytic leukemia in children, 
graphically illustrate the progress and 
possibilities in the treatment of systemic 
cancer (Table 1). Generally speaking, how- 
ever, the disease re-establishes predomi- 
nance, progressing to its presently inevit- 
able termination. 

The aim of the chemotherapist is to 
destroy every cancer cell by using varia- 
tions in regimens of drugs and combinations 
of drugs. Even 1f present chemicals destroy 
every cancer cell there is no evidence as yet 
to support the thesis that we have altered 
the basic process that allows the cell of ori- 
gin to generate a cancerous offspring in the 
beginning or that it cannot do so again. 

Radiotherapy. Quite obviously, as radio- 
therapists, your definitive knowledge of the 
progress in this therapeutic art far sur- 
passes that of mine, as a surgeon. There- 
fore, I feel that any statement I make 
might well be superfluous under these cir- 
cumstances. I would only emphasize my 
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own personal high regard and respect for 
what has been done, and is being done, in 
radiotherapy, whether in a curative, addi- 
tive or adjunctive role, for the ultimate 
benefit of the cancer patient. More and 
better full-time therapists are needed to use 
our present radiotherapeutic armamen- 
tarium. 

The bringing into your team of radio- 
biologists, biophysicists, bioengineers, do- 
simetry experts, etc. and the engineering 
developments in equipment has resulted in 
spectacular progress in a comparatively 
short period of time. We do not yet have 
a chemotherapeutic agent that can match 
the ionizing beam of radiotherapy in lethal- 
ity to the cancer cell, at the same time al- 
lowing the adjacent normal cell to survive. 

General Principles of Treatment. Thus, 
the principles of treating systemic cancer as 
understood today include: 

1. Absolute elimination of the cancer at 
the site of origin to decrease the body bur- 
den of cancer cells and eliminate further 
seeding from the primary growth. This is 
particularly applicable in those lesions 
known to threaten vital body function 
through obstruction (as in cancer of the 
colon), perforation, encroachment of the 
adjacent structures, and hemorrhage. 

2. Use of combination therapy, such as 
radiation therapy and/or chemotherapy, to 
reduce local invasion of the cancer, thereby 
lessening the chances of dissemination of 
viable cancer cells during the more ex- 
tensive surgical procedure(s). 

3. Manipulation of the patient's physiol- 
ogy to effect hormonal stabilization or 
growth regression of any remaining meta- 
static lesions. This has been very effective 
for a considerable per cent of cancers of the 
breast, prostate, and thyroid, and to a 
lesser extent for cancers of the adrenal 
gland, ovary and testicle. 

4. Definitive treatment of isolated areas 
of metastasis by radiation therapy, sur- 
gical therapy, and perfusion of chemo- 
therapeutic agents. 

t. Treatment of diffuse metastasis by 
chemotherapy. 

6. Maintenance of the patient in the 
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CLINICAL CANCER CHEMOTH ZRAPY* 


o 





Disease Treatment Response 
Choriocarcinoma Methotrexate, or Actinomycin D 80% cure 
(women) 
Testicular tumors Actinomycin D in combination, or 1095 cure 
Mithramycin 
Burkitt's lymphoma Cyclophosphamide, or Methotrexate 10-2054, probable cure 
Wilms’ tumor Actinomycin D adjuvant to surgery 40905 to 80% increase In cure rate 
and irradiation 
Vincristine 6o. remission rate 
Acute leukemia Cyclophosphamide 30%, complete remission 
(children) 
Vincristine so% complete remission 
/Aincristine and Prednisone Ss, complete remission 
\ t 1 Prednison 86 | 
Daunom ycin 204-95 complete remission 
Cytosine arabinoside 20+ % complete remission 
Multiple chemotherapy (VAMP) Prolonged duration of  "*unmam- 


taimed” remission. Six-fold increase 
in survival 





Acute leukemia VAMP 30-+ & complete remission 
(adults) 

Daunomycin 30% complete remission 
Cystosine arabinoside 2005 remission rate 

4 + ~ — * * 

Solid tumors of Cyclophosphamide | 

childhood Vincristine l 1066 to 60% tumor regression 
Daunomyein | 

Lymphoma Vinblastine | 
Vincristine poss l 
á 20% to bo% tumor regression 
Procarbazine | | N 
Streptonigrin j 

Myeloma Melphalan | 20€5 to 60% response rate. 
Cyclophosphamide | Improved survival 

: ra + à 

Breast cancer Fluorouracil | "3 
gra TM. 2056 regression 
Cyclophosphamide | pe 

Colon cancer Fluorouracil 2005 regression 

Ovarian carcinoma Alkylating agents 40%% regression 

Other "solid tumors" Fluorouracil ro 5 to 20%, regression 

Glioblastoma Mithramycin 10% to 30% regression 

Head and neck tumors Methotrexate infusion regression 


* Prepared by Dr. Emil Frei, The University of Texas M. D, Anderson Hospital and Tumor Institute at Houston, May, 1967. 
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best possible state of mental and physical 
health, hopefully aiming toward a useful 
productive life. 

7. Maintenance of inclusive records of 
therapy and from their analyses the devis- 
ing and implementation of comparative 
clinical trials, 

8. Evaluation of every patient in terms 
of his environmental exposure to hazards of 
à carcinogenic nature. 

9. Lifelong follow-up. 

All of these approaches are designed to 
hold the systemic disease in abevance, 
thereby gaining us time to pursue the 
multiplicity of leads: toward detection and 
diagnosis at earlier, preferably preclinical, 
stages of the disease; toward more effective 
curative therapy, both of the primary site 
and secondary loci; toward increasing the 
patient's general health and well-being; 
and, hopefullv, to the final attainment of 
the ultimate aim-—discovering the prime 
causative factor of cancer. 


FUTURE OBJECTIVES 


We have already materially exhausted 
our present resources in the area of defini- 
tive treatment. The avenues of direction in 
our future efforts to control cancer can be 
defined clearly by a look at the 5 vear sur- 
vival results of our present treatment 
methods compared to the incidence of the 
disease in the different sites. 

Of significant interest is that 75.5 per 
cent of total cancer patients have cancers in 
sites which offer the best possibility of cure 
(Table 1-4), while those patients who, al- 
though benefited by treatment, inevitably 
die of their disease, comprise only 24.5 per 
cent of total cancer incidence (Table ir. 8). 
This latter group includes those patients 
with 5 year survival rates of $+ per cent 
whose cancer is usually systemic by the 
time it is diagnosed. Cancers with poorest 
treatment results include those of the 
stomach, esophagus, pancreas, liver, lungs 
and bronchus, prostate, all leukemias, 
lymphoma (Hodgkin's), and multiple mve- 
loma. Better treatment results will be real- 
ized only when more effective systemic 
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Tage H-A 


BEST RESULTS 


Per Cent of 


ir e sirin na a ae aan e keine aaraa At AANA B EN AA IT 


Total s Year 

Cancer Survival 
Skin 10.0 88.3 
Lp 80 88.1 
Corpus Uten [A $7:0 
Soft Tissue 2.3 g0.5 
Oropharynx 1.6 47.0 
Cervix i125 atum 
Thyroid 1.2 45.4 
Breast 14.1 43.2 
Salivary Glands 0.9 433.3 
Melanoma 2.0 40.5 
Bladder 1.8 YEO 
Testis o.8 27.6 
Ovary $346 26.4 
Rectum 2.9 25.0 
Colon 6.6 22.3 
Larynx A isO 


Total Incidence 


therapy is discovered, although earlier de- 
tection by newer diagnostic techniques 
would undoubtedly lead to some improve- 
ment in survival rates. 

In those patients best benefited by cur- 
rent modalities of treatment, 5$ vear sur- 
vivals vary from 88 per cent for skin to 15 


Tase H-B 


POOREST RESULTS 
Per Cent of 


Total 


$ Year 


Cancer Survival 
Liver ia 253 
Pancreas ine RN. 
Esophagus O.7 3.9 
Lung-Bronchus $.3 4.4 
Leukemia (AID yd 5.9 
Stomach 228 24 
Paranasal Sinuses one 11.6 
Lymphoma poss Pigs 
Multiple Myeloma 2.3 PIE 
Prostate 4.4 13.9 
Total Incidence 24.5% 
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per cent for larynx with a general over-all 
average approximating 40 per cent. No 
doubt even the survival rates in these 
cancers could be greatly improved if ini- 
tially treated by phy sicians with oncologic 
expertise. 

In those cancers where we are realizing 
the highest per cent of § vear survivals, 
apparently our present therapeutic meth- 
ods are effective. 
therapy are, indeed, the main reason for 
these higher $ vear survival rates, they 
should be continued and improv ed by 
clinical research. In cancer of these sites our 
efforts should be concentrated toward the 
development of new methods of detection 
in the incipient stages and to find the causa- 
tive factors, in order to increase the effec- 
tiveness of our curative therapv. 

Our greatest opportunity for immediate 
improvement of cancer care lies in this 
"best results" group. But this improvement 


depends upon the creation of cadres of 


oncologically oriented physicians working 
in an environment where their major ef- 
forts can be devoted to the cancer patient 
and where new fundamental knowledge in 
the field is continuously converted to prac- 
tical bedside application. We must pro- 
mote and foster recognition of the need for 
specialty training to treat cancer properly. 

Patients in the "best results" group who 
are not surviving 4$ vears are those whose 
cancer has become generalized. While we 
are seeking wavs to cure systemic cancer we 
should find some wav to keep the cancer 
localized in these patients, not to let it be- 
come svstemic, through better diagnosis, 
furthering the present modalities of treat- 
ment through using combined therapy in 
addition to surgery, radiotherapy, chemo- 
therapy and in combining all these with the 
team approach, 

In those cancers where we are realizing 
the lowest percentages of ¢ vear SUV als 
our present methods of therapy are quite 
obviously ineffective, and here our efforts 
must be concentrated on the deve lopment 
of new treatment methods. Ít is also obvi- 
ous that, in these cancers, the disease has 
already been disseminated suggesting that 
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it was present for a long period of time in 
à precinical stage. Therefore, efforts to 
develop new methods for improving detec- 
tion at the preclinicallevel should be carried 
out. Removal of the primary tumor in 
these cancers should be done, wherever 
possibie, to concentrate on an intensive 
attack on the disseminated disease. 


DETECTION AND DIAGNOSIS 


In the area of detection and diagnosis 
alone, where the goal is for earlier detec- 
tion, preferably preclinical in point of time, 
and more immediate, definitive diagno- 
sis, research in new techniques of diagnostic 
radiology, diagnostic cytology, laboratory 
analyses, epidemiologic and demographic 
trend studies, and the institution of more 
adequate and thorough physical examina- 
tions must be intensified. 

Further refinements in lymphangiog- 
raphy, for example, can provide knowledge 
in more than one dimension. Primarily 
used 1n diagnosis, this procedure nonethe- 
less can serve to further detail the routes of 
spread of cancer emboli; it can outline the 
extent of metastatic lymph node involve- 
ment; it can monitor the effectiveness of 
treatment whether by chemotherapy or ir- 
radiation; it can finely delineate the perim- 
eter of both the primary and secondary 
disease thereby serving as an invaluable aid 
to precise radiotherapy; 1t can, perhaps, 
help to resolve the role(s) of ly mph node 
function. That other uses, functional to our 
understanding of cancer, will come from 
Iv mphangiography is certainly a possibil- 
itv, 

Future studies in exfoliative cell cytology 
may result in diagnostic methods for the 
detection of cancer of other sites equally 
effective to those we have already for cer- 
vix, lung, and stomach. 

Ecology. which is concerned with the 
understancing of the mechanism of car- 
cinogeness, whether from exogenous or 
endogenous factors, whether a chemical or 
vegetable agent, or an infectious or genetic 
process or, as is more likelv, a combination 
of two or more of them, offers a broad base 
for solution to the problem of cancer. These 
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avenues of carcinogenesis now appear to be 
converging together with radiation ex- 
posure, viral oncogenesis and chemical car- 
cinogens in showing similar effects on the 
chromosome. The propagation of cancer in 
man by his environment becomes an in- 
creasing challenge for its control and even 
Its prevention. 

Possibly the most exciting prospect in 
cancer 1s the development of diagnostic 
techniques capable of detecting the disease 
before it becomes clinically apparent. 


TREATMENT 


One example of present-day therapy 
that might be applicable for the imme- 
diate future is our method of treating 
thyroid carcinoma of the papillary-follicu- 
lar variety, Since radioactive iodine was 
shown to be absorbed by and capable of 
destroving normally functioning thyroid 
tissue we have attempted to cause thyroid 
cancer to mature to the point of phvsio- 
logic function where it would absorb radio- 
active iodine. We use this procedure in pa- 
tients with metastatic lesions by total 
removal of the thyroid gland, allowing the 
patient to become myxedematous. The 
physiologic demands of the body for thv- 
roxin cause the metastatic lesions to func- 
tion to the extent of absorbing a thera- 
peutic dose of I?!, thereby controlling any 
further viability of the cancer cells in a very 
appreciable number of patients. The prin- 
ciples involved here will be studied for their 
possible application to other sites and kinds 
of cancer, It is possible that metabolic vari- 
ations in other tissues can be exploited for 
similar control of growth, maturation, and 
differentiation of individual cancer cells. 
Such manipulations could permit either 
peaceful coexistence of the cancer with the 
host or enhance host resistance to repro- 
ductive turnover and dissemination of the 
cancer cell to distant sites. 

The future in surgical therapy lies in 
overcoming the immunologic barrier to 
organ transplantation. Much has and can 
be learned from the rather extensive experi- 
ence thus far in renal transplants in which 

ç per cent success has been realized in 
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monozvgotic twin donor organ transplants. 
The problems of donor source, organ stor- 
age, physiology, surgical techniques, gener- 
alized metastasis and ethics in transplanta- 
tion procedures can be eventually resolved. 
The actual surgical techniques of organ 
transplants need to be perfected. Stored 
organ banks are a definite possibility. 
Promising progress has alreadv been made 
in the area of minimizing the ischemic pe- 
riod, thereby maintaining donor organ via- 
bility for longer periods of time. 

Present progress in the treatment of soft 
tissue sarcomas with radiotherapy given 
under tourniquet-induced anoxia, heralds 
encouraging advances in future therapy. In 
a series of 13 patients from our institution 
who have ceive this type of radiotherapy 
regimen in total dosages of 14,000 rads, 
there have been no recurrences and only a 
minor complication in 1 patient. Nine of 
these 13 patients are now 1 vear or more 
post treatment, with the longest survival 
34 months in 1 patient. 

Another recent investigative study using 
mice to test the effectiveness on enhance- 
ment of radiotherapy with the use of hvper- 
baric oxvgenation has produced similar 
encouraging results. Four tvpes of implant 
tumors were used in this experimental in- 
vestigatlon—2 types of mammary car- 
cinoma, 1 fibrosarcoma, and 1 squamous 
cell carcinoma. It was found that adminis- 
tration of a therapeutic dose of irradiation 
given in air sufficient to produce cures in 10 
per cent of these implant tumors resulted in 
cure frequencies ranging from 43 to 95 per 
cent of the tumors when given under condi- 
tions of hyperbaric oxvgenation. at 3 
atmospheres absolute.” 

Although hormonal therapy is used to- 
dav, both in additive and ablative roles, in 
treatment of systemic cancer, there is still 
more to learn about the specifics of hor- 
monal function in relation to its effective- 
ness In cancer therapy on either enhance- 
ment or inhibition of tumor growth. 

The time factor relative to the use of 

manipulative hormonal procedures in the 
total treatment sequence needs to be 
clearly delineated, in order to find out 
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when, and when not, to employ hormonal 
procedures in coordination with other 
therapeutic modalities to produce the 
greatest degree of long-term survival in our 
patient. Further clarification is needed to 
determine just which tumors are endocrine 
dependent, and whether ablative measures 
will enhance the over-all therapy, or con- 
versely, cause more rapid progression of the 
disease. 

That immunologic factors play a signifi- 
cant role in cancer was first recognized in 
1905 when Clowes described the spontane- 
ous regression of a grafted tumor and 
showed that such animals are refractory to 
reinoculation. Woglom in 1913 expressed 
the phenomena of immunity as genetic 
differences between host and recipient.* AL 
though spontaneous regression of human 
tumors ts rare it is probably due to the de- 
velopment of auto-antibodies. It is con- 
ceivable that some tumor cells possess an 
auto-immune mechanism that would de- 
press or retard their proliferation and metas- 
tasis. 

Our significant progress in immunization 
for numerous communicable diseases por- 
tends possibilities of similar discoveries in 
the immune mechanism of cancer. The 
possibility of a cancer vaccine should 
stimulate our research in immunology to- 

ward intensive searches for tumor-specific 
antigens. 

One of the greatest obstacles we face in 
our progress against the cancer problem is 
the considerable period of elapsed time 
with laboratorv findings remaining in a 
latent or dormant stage before their adapt- 
ability to possible clinical use. An out- 
standing example was that in the recent 
widely publicized account of the treatment 
of a leukemic child with L-asparaginase at 
the Wadley Research Institute in Dallas. 
Fourteen years ago, in 1923, J. G. Kidd 
first showed that animal Iymphomas would 
regress, both during 77 ero culture and zz 
sro treatment with normal guinea pig 
serum, This inhibitory activity of guinea 
pig serum was subsequently confirmed bv 
several other investigators including 
Broome who, in 1961, demonstrated that 
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the asparaginase reaction of guinea pig 
serum was correlated with its antitumor ac- 
tivity. L.asparaginase derived from Æs- 
cherichta colt, a much less expensive source 
than guinea pig serum, was reported in late 
1966 and ongoing studies to purify the Æ. 
coli in order to reduce antigenicity are 
promising. 

In summation, our best approach today 
to an attack on systemic cancer, once estab- 
lished, is a concerted, cooperative team ef- 
fort concentrated on (1) the establishment 
of a definitive diagnosis, to include deter- 
mination of the extent and locale of meta- 
static deposits, (2) specific initial therapy 
adequate to assure absolute eradication of 
the disease at the local and regional sites, 
followed by (3) specific therapy aimed at 
the systemic disease with eradication of all 
secondary metastatic deposits, if possible, 
or if not, containment at a subclinical level. 


DIRECTIONS TOWARD ATTAINMENT 


OF FUTURE OBJECTIVES 


The prime direction of our future objec. 
tives in the control of cancer should lie in 
learning how to overcome the natural 
barriers to host resistance, learning how to 
increase the degree of host resistance by 
attenuating the cancer at the site of origin, 
and in discovering mechanisms to inhibit 
the proliferation and division of the cancer 
cells through a better understanding of the 
host’s natural phy siologic defenses. 

A continued pursuit of more and better 
agents to destroy cancer cells or to cause 
them to maturate should be carried on. 
Continued investigation into the immuno- 
logic and hormonal factors leading to in- 
creased host resistance should be intensi- 
hed. Fhere should be increased efforts to- 
ward better information and underst: inding 
of the biologic behavior of specific cancers 
fndiag out which ones tend to renin 
localized, which tend to spread. There must 
be further pinpointing of specific organ 
afinity to become seats of secondary de- 
posits, and from what primary locus these 
most frequently originate, with determina- 
tion of which of these has the better chance 
to prolong life. More extensive studies 
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should be carried out on the time factor of 
latency or dormancy, particularly in asymp- 
tomatic populations but also in those 
patients with arrested disease with known 
tendencies to recur months or years later. 
Determinations should be sought of what 
effect, if any, the transport fluids of blood 
and lymph and their channel or vessel 
structure has on the in-transit cancer cell. 

We are missing a tremendous and little 
appreciated opportunity to make our 
scarce manpower effective in an unknown 
but decidedly greater dimension of pro- 
ductivity. We must use to the fullest ca- 
pacity available technology for automation, 
new materials, recently learned physical 
forces and sciences, mechanical and chem- 
ical phenomena which have vet to be ap- 
plied to biomedical research and medical 
techniques for better care of the sick and 
prevention of disease. We could now, with 
proper funds, design and build the teach- 
ing-research center of tomorrow, incor- 
porated into a super hospital facility as 
radically different as the spaceship of to- 
morrow. A design to coordinate this possi- 
bility can only be done in the United States 
and would include the use of: 

1. Automation and computerization of 
information, daily activities and records to 
provide a current audit of progress and for 
constant patient surveillance. 

2. Mechanization of transport and ser- 
vice activities, 

3. The use of reverse isolation tech- 
niques, such as life island or laminar flow 
control of environment, including bacteria, 
making possible studies in human immunol- 
ogy and host resistance which are now 
only theorized, but so obvious that replace- 
ment of human organs and vital parts could 
be done before the end of this century. 

4. Bioengineering and environmental 
health research science for continuous con- 
sideration of all possible avenues leading 
toward human betterment in a material 
world. 

5. On-line coordination of basic research 
with clinical medicine applied directly to 
patient care. 

In spite of our need to expand and extend 
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cancer control through intensive efforts in 
the direction of these future objectives, our 
progress in cancer diagnosis and treatment 
has been phenomenal when one takes a 
long-range backward look. Just since the 
turn of the century, which was shortly 
after the discovery of radium, we have 
accomplished these things in cancer: 

We have defined the usefulness and 
role of radical surgery. 

2. We have developed megavoltage ra- 
diation therapy and radioactive Co" in 
teletherapy units, probably the greatest 
single advance since the discovery of 
radium, which brings megavoltage avail- 
abilitv to the community level. 

3. We have begun to use planned com- 
bined therapy. 

4. The advent of chemotherapy has 
made the internist a part of the cancer team 
and has introduced the treatment of sys- 
temic cancer. The patient with systemic 
cancer is being treated with hormones, 
cortisone, chemotherapy, and general sup- 
portive therapy. We have now brought in 
an attack on svstemic cancer while the two 
major therapies--surgery and radiother- 
apy—have been attacks on the local nidus 
which must be continued for improvement 
of the ill patient today. 

z. The development of early detection of 
cancer of the cervix and, hopefully, other 
areas by the developments in cytology 
(Papanicolaou). 

6, New, truly fundamental medical and 
life science disciplines have been developed, 
such as molecular biology and medical 
genetics, in their broadest dimensions, and 
combined with clinical research and de- 
velopmental therapeutics will find the way 
for the conquest of systemic cancer. 


CONCERTED ATTACK ON THE TOTAL 
CANCER PROBLEM 


This progress has been achieved pri- 
marily through the mechanism of coor- 
dinated cancer activities of the categorical 
cancer institute and (to a lesser extent) in 
the medical school research hospital setting. 
Only in this kind of setting, where the basic 
scientist works along-side the clinical phy- 
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sicilian can there be organized efforts to 
bring research results directly to the bed. 
side, with the least delay possible, negating 
the time lag between basic and applied 
science, 


We 


need many more such facilities for 


cancer services where a concentration of 


patients can be obtained, available for 
better teaching, demonstration, research 
and service. Major metropolitan areas must 
develop such centers, actively affiliated 
with university teaching programs, but 
with rigid maintenance of their internal 
administrative and budgetary indepen- 
dence for maximum effectiveness. 

There is need for more innovation, more 
ingenuity, and much inventiveness through 
investigative research in our concerted at- 

tack on the total cancer problem. No sci- 
entific o be it fundamental or 
clinical, is immune from the continuing 
need Ds ren through develop- 
ment of better and faster means to analyze 
qualitatively both its current and future 
methodologies, tenets, and results. Future 
attacks on the cancer problem must em- 
brace the intensive pursuit of the limitless 
leads we already have plus any more, not 
yet thought of, that hold promise, no mat- 
ter how minute, for a key to the cancer 
puzzle. 
R. Lee Clark, M.D. 
M. D. Anderson Hospital 

and Tumor Institute at Houston 


6725 Bertner Avenue 
Houston: Texas 77025 
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SOME OBSERVATIONS ON 


THE COMBINED EFFECTS 


OF X-RAYS AND METHOTREXATE ON HUMAN 
TUMOR CELLS IN VITRO WITH POSSIBLE 
RELEVANCE TO THEIR MOST USEFUL 
COMBINATION IN RADIOTHERAPY* 


By ROGER J. BERRY, M.D., D.Puir.f 


OXFORD, ENGLAND 


HERE are only a few situations in 

which the combination of chemother- 
apy with radiotherapy can be justified in 
the treatment of localized malignant dis- 
ease, particularly if the concurrent use of a 
chemotherapeutic agent enforces a scheme 
of dose-fractionation unfamiliar to the 
radiotherapist. Friedman’? has pointed out 
that “in combining chemotherapy with 
radiation, we want to save lives, not rads.” 
To achieve this, the chemotherapy must 
increase the fherapeutic ratio between effects 
on tumor and those on normal tissues in 
the radiation field. It can do so in one of 
several wavs, e.g.- 


(1) By shrinking the tumor mass rapidly 
so that a course of fractionated 
radiotherapy finds more tumor cells 
in well.vascularized areas and hence 
more sensitive to radiation effects 
than hypoxic cells in near-necrotic 
regions of large tumors. 

By potentiating the effect of radia- 
tion upon the anoxic or hypoxic cells 
in tumor more than the effect upon 
the well-oxygenated cells of normal 
tissues. 

By protective effects upon normal 
tissues, assuming that the more 
poorly vascularized areas of tumor 
will not be protected equally, etc. 


Clinical evidence has been presented 
that methotrexate can act in the first of 
these ways, and in earlier radiobiologic 
studies, we have shown that it can act 1n 
the second. Although a considerable vol. 


ume of clinical experience with this 
drug used both sequentially with radio- 
therapy! and in simultaneous com- 
bination*:?:1? has already been reported, 
the present laboratorv studies lead to new 
suggestions for the optimal use of metho- 
trexate with radiotherapy. 


EXPERIMENTAL METHODS 
I CELLS 


HeLa S.-3,4, descendants of a clone 
isolated in 1963 and originally obtained 
from a human cervical carcinoma, have 
been used in these studies. They have been 
grown in medium 199 (Glaxo) supple- 
mented with 15 per cent human type AB 
serum. In this medium, they attach readily 
to the polystyrene surface of “Falcon TC’ or 
‘Nunclon’ disposable Petri dishes and grow 
from single cells into clones with a popula- 
tion doubling time now averaging 30 hours. 
There is a wide spread of rates of growth of 
individual clones? so that although tryp- 
sinization and plating produces a degree of 
synchrony in the passage of cells through 
their first post-plating division,’ this syn- 
chrony is rapidly lost in unirradiated 
clones. Petri dishes on which cells were 
grown were incubated at 37°C. in a humidi- 
fied CO, flow incubator which maintained a 
constant 5 per cent CO.-95 per cent air en- 
vironment. They were fixed and stained 
when the average clone size was 2 mm. (an 
incubation period of 14-18 days, depending 
upon radiation dose) so that slowly-grow- 
ing ‘small clones’ would not be overlooked. 
The stained dishes were examined under 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
Part of Symposium: Combination of X-Ray and Chemotherapy. Chairman, Roald N, Grant, M.D., New York, New York. 


t Head, Radiobiology Laboratory, Radiotherapy Department, T 


he Churchill Hospital, Headington, Oxford, England. 
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g10 
21X stereomicroscopy and all clones con- 
taining more than 32 nongiant cells were 
scored as reproductively intact. 


H. IRRADIATION 

The cells were irradiated in perspex or 
brass containers, using 250 kvp. x-rays 
from two boner tor situated ec juidistant 
above and below the Petri ees The 
focus-object distance was so cm., 
value laver 1.5 mm. Cu, and the dose-rate 
130 rads, min. in the perspex containers and 
43 rads’min. in the brass (gas-tight) con- 
tainers, as measured by ferrous sulphate 
dosimetry. 


IH. GASEOUS ENVIRONMENT FOR IRRADIATION 


For irradiation under oxygenated condi- 
tions in either the perspex or brass con- 
tainers, humidified 5 per cent CO.-95 per 
cent air was circulated over the Petri dishes 
prior to Wine, and the container was 
then sealed during the actual period of ir- 
radiation, For azoxic irradiation, only the 
gas-tight brass containers were used; they 
were fitted with high-vacuum taps and 
their brass lids were sealed bv the uniform 
compression of neoprene 'O' rings, using 6 
wing-nuts spaced evenly around the cir- 
cumference of each lid. Humidified 5 per 
cent CO:-9§ per cent nitrogen (‘White 
Spot’ purity, supplied by the British Oxy- 
gen Company, Ltd. and containing less 
than 1o p.p.m. residual oxvgen contamina- 
tion) was circulated | through the containers 
at à flow rate of 150 ml./min. for 6 hours, 
and the efluent gas was monitored for 


residual oxygen concentration by means of 


a Hersch cell. During this gassing 
period, the brass containers were M 
immersed in a water bath maintained a 

37 €. Under water, the vacuum taps on X 
brass containers were sealed immediately 
prior to irradiation, The nylon connecting 
tubing was removed and the containers 
were allowed to cool to room temperature 
and then irradiated in the same manner as 
for oxygenated conditions. The oxygen 
concentration in the efluent gas immedi- 
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ately prior to sealing the brass containers 
was less than 15 p.p.m., and the prolonged 
gassing period was sufficient to ensure ade- 
quate de-oxygenation of the liquid me- 
dium." Following irradiation in either 
gaseous environment, the cells were im- 
mediately returned to the humidified 
CO.-flow incubator and maintained at 
37°C. for clonal growth. 


IV. ADDFFION AND REMOVAL OF METHOTREXATE 


Methctrexate (4-amino-1o-methylpteroy|- 
glutamic acid, Lederle) was freshly dis- 
solved in sterile distilled water prior to 
use. [t was diluted appropriately in sterile 
normal saline and added to the complete 
plating medium at the time of plating the 
cells, or at subsequent times by removing 
the medium (using a Pasteur pipette and 
producing minimal agitation), and gently 
washing the Petri dishes with warmed 
medinm 199 without added serum. This 
wash solution was then gently aspirated 
by Pasteur pipette and the warm com- 
plete plating medium containing the 
methotrexate was added. For removal of 
methotrexate from the plating medium, a 
simila7 procedure was followed; aspiration 
of the MTX-containing medium, followed 
by ome wash in warmed medium 199 with- 
out serum, followed by addition of warmed 
comp.ete plating medium. In all the experi- 
ments described in this communication, the 
MT X was allowed to remain in the medium 
for only 24 hours. 


RESULTS 


f. CELL-KILLING BY METHOTREXATE ALON E 


(a) Efect of dose of drug. A 24 hour in- 
cubation in medium containing concentra- 
tions of MTX below 0.03 ug/ml. did not re- 
duce the plating efficiency of HeLa cells 
below that of untreated controls in the 
same experiment. Above this concentra- 
tian, however, loss of cell reproductive 
capacity was ips oximately related to the 
concentration of the drug in the medium 
until a minimum survival value was 
reached at a concentration around G3 
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ug; ml. MTX concentrations larger than 
this, maintained in the medium for only 24 
hours, did not result in an increased pro- 
portion. of cell death in these human 
carcinoma-derived cells; this is shown in 
Figure t. 

(b) Effect of time of exposure to drug. The 
percentage of cells which was killed bv the 
high concentration of MTX in the growth 
medium of 0.3 ug/ml. was dependent upon 
the time for which the cells were allowed 
to remain in contact with the drug: this ts 
shown in Figure 2. Two experiments are 
compared, one in which the MTX was 
added at the time of plating (/ag phase of 
growth), the other in which the drug was 
added 18 hours later, when the cells were 
beginning active growth (/og. phase). For 
actively growing cells, some cell-killing was 
seen even after the shortest periods of in- 
cubation with the drug; the delay before 
cell-killing occurred in lag phase cells 
corresponded to the time in which the cells 
failed to synthesize DNA during their 
post-trvpsinization period of re-attach- 
ment.‘ 


/ surviving cells 





O.| _ 
Methotrexate concentration 
in growth medium for 24hrs only 


O-OI lOpg/ml. 


Fig. 1. Survival of reproductive capacity (ability to 
form clones) of HeLa S-3,,;. cells exposed to metho- 
trexate, added to the medium at the time of plating 
and removed 24 hours later. 
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Fic. 2. Survival cf reproductive capacity of HeLa 
S-3exr. Cells after incubation in medium contain. 
ing methotrexate, 0.3 ug/ml. for various periods. 


H. POTENTIATION OF RADIATION RESPONSE BY CON- 
CENTRATIONS OF METHOTREXATE WHICH DO NOT 
PRODUCE ANY CELL-KILLING ON THEIR OWN 

After 24 hours’ incubation in medium 
containing MTX at a concentration of 0.01 
or 0.03 ug/ml., concentrations which did 
not produce any appreciable cell-killing on 
their own, the x-ray dose-response curve 
for cell reproductive survival was markedly 
steeper than that for cells irradiated at the 
time after plating which had not been ex- 
posed to the drug; this is shown in Figure 3. 
The potentiation of x-ray effects by these 
low doses of MTX occurred equally when 
the irradiation was given under anoxic 
conditions, so that there was no change in 
the Oxygen Enhancement Ratio (OER) 
when compared with the OER for cells ir- 
radiated at the same time atter plating 
which had not been exposed to the drug; 
this is shown in Figure 4, .7 and B. 
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liG. 3. Potentiation of x-ray dose-response for sur- 
vival of reproductive capacity of HeLa S.i4; 
cells irradiated 24 hours after plating in growth 
medium containing concentrations of methotrex- 
ate which by themselves produced no cell-killing. 
The drug was removed from the medium imme- 
diately after irradiation. 


Hi. MODIFICATION OF RADIATION RESPONSE AND OXY- 
GEN ENHANCEMENT RATIO BY HIGH CONCENTRATIONS 
OF METHOTREXATE 

Those cells which survived 24 hours' in- 
cubation in medium containing 0.3 ug/ml. 
of MTX showed a steeper x-ray dose-re- 
sponse curve than did cells not exposed to 
the drug but irradiated at the same time 
after plating. In addition, the x-ray sur- 
vival curve for the MTX-treated cells 
showed a much-reduced ‘shoulder’; this is 
shown in Figure 5, Æ and B. There was an 
even more marked steepening of the x-rav 
dose-response curve for MTX.treated cells 
irradiated under anoxic conditions. This 
resulted in a reduced OER, as is also shown 
in Figure 5, 7 and B. The changes produced 
by MTX in the x-ray response of HeLa 
cells which survived 24 hours' incubation 
in the presence of the drug proved imper- 
manent. Cells exposed to 0.3 ug/ml. of 
MTX in the medium for 24 hours were 
given a further 2-24 hours incubation in 
complete plating medium without the drug 
and then irradiated. The pattern of change 
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vared somewhat between experiments, 
and was influenced by whether or not ex- 
cess thymidine (10 ug. ml.) was added to 
the plating medium after the removal of 
the MTX. As early as 2 hours after the re- 
moval of methotrexate from the medium, 
HeLa cells showed increased radioresistance, 
and in all experiments their radiosensitivity 
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bic. 4. Ud) X-ray dose-response for survival of re- 
productive capacity of HeLa S-3u.¢ cells irradi- 
ated wader oxygenated or anoxic conditions 24 
hours after plating. Each different-shaped symbol 
represents a different experiment, closed and open 
symbcls of the same shape represent data ob- 
tained in the same experiment. The curves are 
drawn by eye. The oxygen enhancement ratio (OE.R) 
at the 1o per cent survival level is 2.6. (B) X-ray 
dose-response for survival of HeLa S-3axt. cells ir- 
radiatel under oxygenated or anoxic conditions 
24 hours after plating in medium containing 
methotrexate, 0.03 ug/ml. The oxygen enhance- 
ment ratio at the 10 per cent survival level is 2.5. 
The drug was removed from the medium im- 
mediately after irradiation. 
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was similar to that of cells which had not 
been exposed to the drug by 16 hours after 
removal from the medium. Thus, when ir- 
radiation was delivered under oxygenated 
and anoxic conditions, 24 hours after the re- 
moval of MTX from the medium (48 
hours after plating), the slopes ot the sur- 
vival curves were identical to those for cells 
unexposed to the drug and irradiated at 
the same time after plating, and the OER 
had returned to its normal value of over 
2.5. This is shown in Figure 6. 
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Vic. 5. (4) X-ray dose-response for survival of re- 
productive capacity of HeLa S-3..¢, cells irradi- 
ated under oxygenated or anoxic conditions 24 
hours after plating. These data are the same as 
are shown in Figure 44. The oxygen enhancement 
ratio at the 10 per cent survival level is 2.6. (B) 
X-ray dose-response for HeLa S-3ox¢, cells surviv- 
ing 24 hours’ incubation in medium containing 
methotrexate, 0.3 ug/ml., added at the time of 
plating. The oxygen enhancement ratio at the 10 
per cent survival level is 1.8; this represents a 
‘gain factor’ for the killing of anoxic ceils of over 
1.4. The drug was removed from the medium im- 
mediately after irradiation. 


Combined Effects of X-Ravs and Methotrexate 


MTX 0-3 yg/ml. 


24 hours after 
removing drug 





celis 


surviving 


e 
anoxic 


oxygenated 


percent 


Lx op rd X 4x1 
O |GBD 2000 rads 


Fic. 6. The circles represent the dose-response for 
HeLa S-3ox¢. cells irradiated under oxygenated or 
anoxic conditions 48 hours after plating, 24 
hours after the removal of methotrexate, 0.3 ug/ 
ml., which had been added to the medium at the 
time of plating. The oxygen enhancement ratio 
at the 10 per cent survival level is 2.5. The tri- 
angles represent two x-ray survival points ob- 
tained in the same experiment for HeLa S-3oxt. 
cells irradiated 48 hours after plating, but unex- 
posed to methotrexate. 


IV. EFFECT OF METHOTREXATE ON RECOVERY 
BETWEEN FRACTIONATED X-RAY DOSES 

(a) Non-killing drug concentrations. Even 
after 18 hours’ incubation in medium 
containing MTX at a concentration of 
0.03 ug/ml., HeLa cells exposed to a 2-frac- 
tion course of 300-- 300 rads separated by 
o-6 hours showed early recovery from sub- 
lethal x-ray damage. This is shown in 
Figure 7, where recovery factor is the in- 
crease In the fraction of surviving cells com- 
pared with the fraction surviving a single 
dose of 600 rads delivered at the same time 
after plating. 

(b) High concentrations of MTX which 
produce cell-killing. If the first x-ray dose 
was delivered immediately after the addi- 
tion of MTX to the growth medium, some 
recovery was seen between x-ray doses 
delivered 2-8 hours apart. There was an 
increase in the fraction of cells surviving 
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hic. 7. Early recovery from sublethal x-ray damage 
In HeLa S-3ox¢, cells exposed to a nonlethal con- 
centration of methotrexate added to the medium 
at the time of plating. The first x-ray dose was 
given 18 hours after plating, and the drug was re- 
moved from the medium 24 hours after plating. 


two doses of 200 rads, compared with the 
fraction surviving a single dose of 400 rads 
at the same times after plating and after the 
addition of the drug to the growth medium. 
This is shown in Figure 8. If the first x-ray 
dose was delivered more than 16 hours after 
the addition of the drug to the medium, 
however, no early recovery was seen. As is 
shown in Figure g, the fraction of cells sur- 
viving two doses of 200 rads was /ower than 
that after a single dose of 400 rads delivered 
18 hours after the addition of MTX to the 
plating medium because of the additional 
cell-killing produced bv longer incubation 
in the presence of the drug by the time the 
second x-ray dose was received. This loss of 
recovery from sublethal x-ray damage was 
also impermanent; bv 24 hours after the 
removal of MTX from the medium, HeLa 
cells again showed the ability to recover be- 


Roger J. Berry 


Marcu, 1968 


tween fractionated doses of 400 rads de- 
livered o-6 hours apart, although the 
magnitude of this recovery may be slightly 
smaller than that seen in cells unexposed to 
the drug but irradiated at the same time 
after plating. This is shown in Figure 1o. 


DISCUSSION 


In bacteria? and in mammalian cells,'? a 
deficiency in the metabolic availability of 
the DNA precursor, thymidine, results in a 
state of ‘unbalanced growth’ which is 
characterized by rapid cessation of progress 
through the cell cycle. Mitosis and DNA 
synthesis are blocked, although RNA and 
protein synthesis continue. Methotrexate, 
an analogue of folic acid, inhibits thymi- 
dine incorporation into DNA by eliminat- 
ing the synthesis of the necessary folate- 
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lic. 8. Early recovery and change in response to 
single x-ray doses in HeLa S-3,,;. cells with time 
after the addition of a high (cell-killing) concentra- 
tion of methotrexate to the medium. The drug was 
added 18 hours after plating and removed 24 
hours iater. The first 200 rad x-ray dose for the 
recovery studies was given immediately after 
addition of the drug (open squares) or 10 hours 
after tae addition of the drug (open triangle). 
Single x-ray doses of 300 rads were given 2-24 
hours after the addition of the drug to the medium 
(closed squares and triangle) at times comparable 
to the second dose in the divided-dose recovery 
experiment. 
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containing co-enzymes," and has been 
shown to produce a state of *unbalanced' 
growth in several strains of mammalian 
cells in culture.59?1* The reversal of the 
methotrexate block, either by the addition 
of thymidine-containing growth medium? 
or by the addition of leucovorin (folinic 
acid)? to cells in culture produces a degree 
of synchrony in the subsequent progression 
of these cells through the division cycle. 
These findings provide a possible explana- 
tion for the results obtained in combination 
of methotrexate with x-irradiation. 

(1) Concentrations of methotrexate 
which on 24 hour exposure did not prove 
lethal to HeLa cells sensitized those cells to 
the effects of x-irradiation, but did not 
alter the capacity of those cells to recover 
from the sublethal damage done to them by 
irradiation, and did not alter the oxygen 
enhancement ratio for single x-ray doses 
delivered under oxygenated and anoxic 
conditions. At these low drug concentra- 
tions, true potentiation of the radiation 
response was seen, but unbalanced growth 
probably did not occur and no significant 
synchrony was induced in the progession of 
these cells through the cell cycle after the 
removal of the drug from the medium. The 
highest nonlethal methotrexate concentra- 
tion was equal to a dose of 2.1 mg. uni- 
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à 70 kg. patient. 
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Fic. g. Failure of early recovery in HeLa 5-3... 
cells exposed to a high (cell-killing) concentration 
of methotrexate for over 16 hours prior to the 
first 200 rad x-ray dose. Dividing the irradiation 
into two equal fractions spaced apart by 2-6 
hours did not result in an increase in the fraction 
of cells surviving to form clones. 
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recovery in HeLa S-3oxt. cells given their first x- 
ray dose 48 hours after piping 24 hours after the 
removal of methotrexate, 0.3 ug ml., which had 
been added to the medium at the time of plating. 
The open circles show the recovery obtained in 
the same experiment in cells not exposed to 
methotrexate but also given their first x-ray dose 
48 hours after plating. 


(2) Concentrations of methotrexate 
which did kill cells did so only when those 
cells were synthesizing DNA (cf. Figure 2), 
and those cells which survived incubation 
in medium containing high concentrations 
of methotrexate (equivalent to 21 mg. in a 
7o kg. patient) were those which failed 
to attempt DNA synthesis during the time 
the drug was present. The cell population 
thus selected by methotrexate had an 
x-ray dose-response for cell reproductive 
survival which was characterized by a 
markedly reduced ‘shoulder’ region, and 
failed to recover from sublethal radiation 
damage as measured by comparison of two- 
dose survival with that after single irradia- 
tion. In addition, this selected population 
showed a markedly reduced oxvgen en- 
hancement ratio for single x-ray doses de- 
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livered under oxygenated and anoxic con- 
ditions. 

By using extremely rigorous techniques 
to exclude contamination of a synchronized 
cell population by small numbers of cells 
in other phases of the cycle, it has been 
shown that there are dramatic variations 
in both the slope of the radiation dose-re- 
sponse curve for Chinese hamster cells, 
and in the size of the shoulder region of the 
curve, depending upon the point in the 
division cycle at which the cells are ir- 
radiated? The pattern of change in radio- 
sensitivity through the cell cycle in Chinese 
hamster and Hela cells now appears to be 
similar when equally rigorous techniques 
are used to ensure ‘pure’ populations in 
each phase of the division cycle.’ Therefore, 
applying the more extensive data for 
Chinese hamster cells to the present situa- 
tion, it seems reasonable to assume that the 
absence of recovery in the methotrexate- 
selected cell population, and perhaps also 
the reduction in oxygen enhancement ratio, 
may be due to nothing more than the pro- 
duction. of a synchronous population of 
HeLa cells by methotrexate exposure. This 
surmise is reinforced by the observation 
that 24 hours after the removal of metho- 
trexate from the medium, the surviving 
cells show a radiosensitivity, capacity for 
recovery, and oxvgen enhancement ratio 
essentially the same as that in a population 
of HeLa cells never exposed to the effects of 
the drug. These effects should not be ex- 
pected to be unique to methotrexate; any 
other drug capable of producing sufficient 
synchrony in a population of mammalian 
cells might vield selected populations 
equally devoid of capacity for recovery 
from sublethal damage, and with a similarly 
reduced protection factor for the irradiation 
of anoxic cells. 

How can these ideas be applied to clinical 
radiotherapy, to maximize tumor destruc- 
tion and minimize additional damage to 
normal tissues? The application of labora- 
tory findings in single-cell systems to the 
complex problem of clinical radiotherapy 
is always hazardous, but the following 
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thoughts suggest themselves for clinical 
consideration: 

(1) It is probably of little value to give 
single large doses of methotrexate, as has 
been done in some clinical studies, because 
of the vastly increased amount of the drug 
which patients appear to tolerate. Only 
those cells actively svnthesizing DNA dur- 
ing the relatively brief persistence of the 
drug in the circulation will be affected bv it, 
and smaller single doses of the drug may 
well kifl quite as many tumor cells. Re- 
peated smaller doses of the drug should, 
in fact, kill wore tumor cells. 

(2) The sequential use of methotrexate 
followei by x-irradiation should require 
little change in either the total x-ray dose 
which can be given, or the pattern of dose- 
fractionation, By 24 hours after the re- 
moval of even high concentrations of the 
drug from their environment, surviving 
tumor cells showed both radiosensitivity 
and capacity for recovery which were un- 
changed from those of cells never exposed 
to the eZects of the drug. 

(3) ^ great potential value in using 
methotrexate in combination with radio- 
therapy lies in reducing the degree of 
protection afforded to tumor cells by local 
hypoxia at the time of irradiation, Since a 
reduction in oxygen enhancement ratio for 
subsequent x-irradiation is only obtained 
after exposure to concentrations of the 
drug which are lethal to some cells (prob- 
ably due to the induction of some syn- 
chrony in the surviving population), the 
largest tolerated dose of methotrexate 
should be given in such a way as to main- 
tain a high concentration of the drug in the 
circulation for at least 24 hours, and an 
x-ray dose given at the end of this period. 
Individual x-ray doses should be as large 
as possible, so that not only are all the well- 
oxvgenated tumor cells in. the radiation 
field eliminated, but the greatest use is also 
made of any increased killing of hypoxic 
tumor celis, 

(4) The total number of x-ray doses 





concomitant use of methotrexate and 
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fractionated radiotherapy. Daily doses of 
methotrexate plus a large number of frac- 
tionated x-ray doses (e.g. daily treatment 
over 4-5 weeks) may result in an unex- 
pectedly great effect on both tumor and 
normal tissues, due to failure of recovery 
between the fractionated radiation doses. 
This complication has already been re- 
reported in at least one clinical study.* 

(5) A significant advantage is likely to 
be seen in the combination of metho- 
trexate and radiotherapy only in those 
tumors in which the primary clinical 
problem is the failure to eradicate all dis- 
ease in the primary site or in treated 
metastatic sites. Those types of tumor in 
which the disease which eventually kills 
the patient is probably never treated, due 
to unrecognized (even microscopic) metas- 
tases present at the time of treatment of 
the primary tumor by radiotherapy, should 
preferably be excluded from clinical trials 
of the drug-radiation combination. These 
latter types of tumors, or rather the pa- 
tients who bear them, should only be used 
in the evaluation of effects of methotrexate 
and radiation in combination upon normal 
tissues unavoidably included in the radia- 
tion field. 

(6) The pattern of combined therapy 
which seems most likely to achieve success 
uses the minimum number of radiation 
dose fractions which is compatible with 
local radiotherapeutic experience. Each 
radiation dose 1s preceded by a short course 
(24—48 hours) of the highest tolerated dose 
of methotrexate, administered orally at 
relatively frequent intervals (e.g. every 
6 hours). After each radiation treatment, 
no further drug is administered until the 
appropriate time before the next radiation 
dose. A random series prospective trial 
comparing this regime (using one radiation 
treatment per week for 6 weeks) with a 
similar course of radiotherapy, either with- 
out the drug or concurrently with the con- 
tinuous daily administration of metho- 
trexate at the necessarily lower maximum- 
tolerated dose level, is underway using pa- 
tients with locally-advanced carcinomata of 
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the cervix and bladder in the Radiotherapy 
Department in Oxford. 


SUMMARY 


The lethal effects of methotrexate upon 
human tumor cells in vitro depend not only 
upon the concentration of the drug around 
those cells, but also upon the length of time 
for which the drug and the cells remain in 
contact, Short-term exposure to even very 
high concentrations of methotrexate may 
leave a large proportion of tumor cells in- 
tact, while longer exposures to lower drug 
concentrations will leave few cells capable 
of repeated divisions. 

Exposure of human tumor cells to con- 
centrations of methotrexate which are non- 
lethal nonetheless sensitizes those cells to 
subsequent x-irradiation. Tumor cells 
which survive exposure to higher, cell- 
killing concentrations of methotrexate are 
protected less by anoxia than untreated 
cells when they are irradiated immediately 
afterwards. 

When irradiated immediately after ex- 
posure to the drug, methotrexate-treated 
cells show no recovery from sublethal 
x-ray damage; if irradiated 24 hours or 
more after their removal from methotrex- 
ate, those tumor cells which have survived 
are capable of recovery between fraction- 
ated x-ray doses and show no reduction in 
anoxic protection. 

These results in a relatively simple single- 
cell system are examined in the context of 
treatment schemes used in the several 
published clinical studies of radiotherapy 
combined with methotrexate chemo- 
therapy. A plan is proposed for the opti- 
mum combination of these two agents. 
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IHE TREATMENT OF CARCINOMA OF THE BLADDER 
WITH SPECIAL REFERENCE TO THE USE OF 
PREOPERATIVE RADIATION THERAPY 
COMBINED WITH 5-FLUOROURACIL* 


By JUSTIN J. STEIN, M.D., 


t and JOSEPH T. KAUFMAN, M.D.£ 


LOS ANG i. CALIFORNIA 


RIOR to the use of megavoltage radia- 
tion therapy, the treatment of bladder 
carcinoma with conventional x-ray therapy 
was most disappointing, [f adequate tumor 
doses were given, the patient usuallv had 
skin reactions, urgencv, frequencv, reduced 


bladder capacity, severe fibrosis in some 
cases, and often telangiectasis of the 
bladder mucosa. 

Since cobalt 6o teletherapy became 


available (1921), there has been a renewed 
interest in the treatment of bladder car- 
cinoma utilizing megavoltage radiation 
therapy. 

The advantages of megavoltage therapy 
are particularly apparent in the treatment 
of a tumor in this anatomic location with 
its surrounding bony structures and its 
close proximity to the small bowel and 
rectum. The major disadvantages of con- 
ventional x-ray therapy are the high 
absorption of the energy by the skin, the 
higher absorption by the bone than in the 
surrounding soft tissues, and the side and 
back scatter which occurs when energies in 
this range are used. Most of these effects 
are eliminated or reduced when mega- 
voltage equipment, such as the 1 and 
million volt General Electric resonant 
generators, the 2 million volt Van de 
Graaff electrostatic generator, the cobalt 
60 teletherapy units, the 4 to 8 mev. linear 
accelerators, and the betatrons are utilized. 

Better antibiotics, improved anesthesia 
and surgical techniques, the more careful 
staging of the disease, and the team ap- 
proach have all been of decided value in 


the management of patients afflicted with 
this disease. 

Protocol studies attempting to evaluate 
combinations of therapy, surgery versus 
irradiation, surgery plus irradiation, and 
irradiation ‘plus surgery and chemotherapy, 
have been most helpful i in the endeavor to 
understand better this disease and to im- 
prove the end results of treatment. 


STAGING OF BLADDER PUMORS 


Marshall- 
Jewett 
Classifi- 
cation 
Superficial tumor confined to 
mucosa Q 
Tumor confined to submucosa A 
Tumor half-way through the 
bladder muscle B, 
Tumor more than half-way 
through the bladder muscle B. 
Tumor extending to 
perivesical fat C 
Tumor spread to regional 
lymph nodes D, 


Tumor pon to distant sites D. 


HISTORICAL REVIEW 


Eisenberg and Heise? reported on 12,239 
white patients with bladder cancer from 
data collected from the California, Con- 
necticut, and Massachusetts central tumor 
registries between 1940 and 1959. The 
ratio of males to females was 2.5 to 1. 
Approximately 5.5 per cent of cancers oc- 
curring in men and 2 per cent occurring in 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, Mav 29-31, 1967. 
Part of Symposium: Combination of X-Ray and Chemotherapy. Chairman, Roald N. Grant, M. D., New York, New York, 

T Department of Radiology, UCLA School of Medicine, Los Angeles, California. 

I Department of Surgery, Division of Urology, UCLA School of Medicine, Los Angeles, California. 
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women originate in the bladder. They 
found that from 1940 to 1959 men experi- 
enced a rise in the $ vear survival rate 
from 42 to $2 per cent. The corresponding 
rate for women increased from 36 to s$5 
per cent. They found no evidence to indi- 
cate that future results will improve, unless 
there are significant changes in treatment 
methods. 

Baker! has found the incidence of pelvic 
lymph node involvement to be related to 
the extent of involvement of the bladder 
wall. He noted that when the tumor ex- 
tends to the superficial muscle laver the 
lymph nodes are involved in 1 out of 4 
cases, When the tumor cells extend deeply 
into the muscle laver, in 8 of 10 cases 
there is lymph node involvement. 

Wallace? in commenting upon the fac- 
tors influencing the prognosis of early 
cancer of the bladder, stated that the two 
main factors in prognosis are the surface 
extent of the disease, and the stage or 
depth of infiltration of the tumor cells. He 
believes that the basement membrane 1s 
probablv the greatest single factor in 
prognosis and that when the membrane 
has been ruptured, even to a slight extent, 
the mortality increases by 20 per cent. 
When extension into the submucosa of the 


bladder occurs, there is a further increase of 


20 per cent in the mortality. If the deep 
muscle or perivesical tissues are penetrated, 
the incidence of positive lymph nodes in- 
creases rapidly to over So per cent. 

It is remarkable how well the bladder is 
able to tolerate large doses of radiation, 
such as are given, for example, in the 
treatment of carcinoma of the cervix. Dur- 
ing the course of radiation therapy the 
bladder frequently sustains considerable 
reaction but it has the capacity to re- 
epithelialize denuded areas of the lining 
epithelium satisfactorily, when the patient 
is given bladder sedatives and antibiotics 
and appropriate rest. Many patients with 
cancer of the cervix have been cured by 
radiation therapy and I know of no reports 
to indicate that bladder carcinoma 1s more 
frequent in this group than in non.irra- 


Marcu, 1968 


diated women or that a significant number 
of permanent bladder complications have 
occurred. 

It is difficult to predict the response of a 
bladder tumor to irradiation strictly on the 
basis of histopathologv. In general, the 
anaplastic infiltrating tumors are more 
radiosensitive. Any bladder infection which 
occurs during radiation therapy should be 
immediatelv and adequately treated to 
prevent the occurrence of sequelae. When 
infection 1s present bacterial studies of the 
urine should be made. If the patient has 
had previous fulgurations or bladder sur- 
gerv, the radiation reactions are usually 
more prominent. 

Prior to the institution. of radiation 
therapy the carcinoma should be staged. 
The staging is based upon cvstoscopic 
examination, bimanual examination under 
anesthesia, biopsy, cevstography and intra- 
venous urography. Alkaline phosphatase, 
renal function, creatinine, complete blood 
cell count, and urinalysis are also done. 

Morrison and Deeley” in evaluating the 
transitional cell tumor response at one 
vear according to dose given, stated that 
an increase in dose (for example, from 
5,000 to 6,000 rads tumor dose) may not 
produce a greater disappearance rate of the 
primary lesion, and that there may be an 
optimum tumor dose; also, that different 
methods of fractionation should be inves- 
tigated. 

DeWeerd and Colby* carried out a 
planned program of combined radiation 
therapy and total or partial cystectomy 
and pelvic lymphadenectomy for bladder 

carcinoma. The majority of the lesions were 
Grade nı (Broders) and Stages BBa, and 
C (Marshall-Jewett) transitional cell car- 


cinoma. 
The patients were divided into two 
groups. The Group I series included 27 


patients. Cobalt 60 teletherapy or 6 mev. 
linear accelerator x-ray therapy was used. 


The treatment was directed to the bladder 


and adjacent pelvic lymph nodes. The 
total tumor dose was approximately 4,800 
rads given in 2 sessions. Both sessions were 
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of 12 to 14 days duration with a rest 
period of 3 weeks between sessions. Ap- 
proximately 6 weeks after completion of 
the radiation therapy the patients were 
re-evaluated and a total or segmental 
cystectomy and partial pelvic. lymph- 
adenectomy were done. 

Group II included 7 patients. These pa- 
tients were given a total tumor dose of 
from 1,800 to 2,400 rads delivered during 
3 consecutive days. A total or segmental 
cystectomy and partial pelvic. lymph- 
adenectomy were done immediately after 
the radiation therapy was completed. No 
residual intact carcinoma cells could be 
found in g surgical specimens from the 
Group I patients (33 per cent of the cases). 
Postoperative complications, morbidity, 
and mortality have not been increased. 
Follow-up examinations of the patients 
have not been carried out long enough to 
enable them to assess the results. 

Some of the difficulties in the treatment 
of bladder cancer are the inability to eval- 
uate effectively the intrinsic nature of the 
tumor in each patient, the multiplicity of 
foci of origin, the diffuseness of the lesions 
and their ability to metastasize early to 
regional lymph nodes. There is also a wide 
variation in the radiation sensitivity of 
bladder tumors. The degree of radiosensi- 
tivity cannot be determined prior to treat- 
ment. 

Brice? reported on the to year follow-up 
of 230 consecutive cases of radical total 
cystectomy which had been performed 
between June 24, 1948, and February 29, 
1955, for which a § year report had been 
made by Whitmore and Marshall in 1962." 
Bilateral pelvic lymphadenectomy was 
performed in all cases, and removal of the 
rectum in 67 of the 230 patients. There 
were 32 postoperative deaths, or 14 per 
cent. 

Of 23 of the 230 patients who had Stage 
B, cancer, 4 patients (17 per cent) survived 
g years; 53 patients had Stage C and 7 
(13 per cent) of these lived 5 or more years. 
Of 76 patients who had bladder cancer 
Stages B. and C without demonstrable 
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metastases or local extension, 11 (14 per 
cent) lived 5 years. No patient with D; 
cancer lived for 10 years. Of 35 patients 
with lesions Stage O;, Ai, or Bi, 47 per cent 
survived for 5 years, and 6.6 per cent for 
JO years. 

Veenema ef al,“ have used ThioTEPA 
svstemicallv or topicallv, alone or 1n com- 
binations with radiotherapy, and have 
found that it produced very little effect 
on invasive or advanced disseminated 
bladder tumors. When ThioT EPA is used 
topically, partial destruction of the surface 
lesion does occur in some cases. They re- 
ported that when ThioTEPA was used 
topically, 38 of 57 patients who had 
superficial, small, well.differentiated pa- 
pillary tumors had encouraging results. 
Sixty milligrams of ThioTEPA was dis- 
solved in 30 to 60 cc. of distilled water and 
instilled in the bladder and allowed to re- 
main for 2 hours. Four instillations con- 
stitute a course, with an instillation given 
at weekly intervals. Thirteen of the 38 pa- 
tients had complete destruction of the 
tumors. There was no effect in 11 patients. 
They plan to continue the use of Thio- 
TEPA for prophylactic use in patients 
who have had recurrent superficial bladder 
tumors. 

Einhorn eż a/.,> are of the opinion that if 
adequate doses of radioactive materials 
are given intravesically, there 1s a major 
risk of hematuria, contraction of the 
bladder, ureteral insufficiency with vesico- 
ureteral reflux, reduced resistance to urin- 
ary tract infection, and impaired healing. 

Mackenzie ef al! reporting on their 
experience with supervoltage x-ray therapy 
in the treatment of bladder cancer stated 
that the 2 to 3 vear survival rates for pa- 
tients treated by radical surgery or super- 
voltage radiation therapy are quite similar, 
especially in view of the unfavorable fac- 
tors of selection in the radiation therapy 
series. For example, for radical surgery for 
patients with bladder carcinoma staged 
B; and C, the 2 and 3 year survival rates 
were 33 per cent and 22 per cent; for those 
similarly staged and treated by mega- 


‘sy 


voltage radiation therapy, 30 per cent and 
20 per cent. The results were better for 
those who had preoperative irradiation and 
radical cystectomy (42 per cent). They 
believe that radiation therapy followed by 
radical cystectomy offers the greatest hope 
for patients with the earlier infiltrated 
stages. 

Whitmore ef al, reported in 1963 on 
the results of preoperative radiation ther- 
apy given to 5o patients with bladder car- 
cinoma treated from 1959 through 1962. 
Megavoltage equipment was used and the 
majority (42 patients) received 4,000 rads 
tumor dose given in 4 to 6 weeks. The 
complication rate was higher than in the 
non-irradiated group who had radical 
cystectomy alone (62 per cent versus $1 
per cent), There was no definite increase in 
mortality. Nine of the co patients or 18 
per cent had no cancer in the operative 
specimens, and an additional 8 had car- 
cinoma 232 situ only. 

Crigler and associates? reported the re. 
sults of radiation therapy used either alone 
or subsequent to various surgical pro- 
cedures in 352 cases of bladder cancer. The 
patients were treated largelv with 22 mev. 
x-rays or cobalt 60 gamma rays between 
1954 and 1962. The major complication 
rate was 13 per cent and the mortality rate 

s per cent. The crude survival rate for the 
whole series IS 31 per cent at 3 years, and 
20 per cent at 5 years. The sorkespondine 
figures for stages B» and C are 44 and 28 
per cent. Since 1962, they have done pre- 
operative irradiation followed by simple 
total cystectomy and bilateral uretero- 
ileostomy as the routine policy of treat- 
ment for patients with lesions in stages 
B. and C. 

Poole-Wilson? has used soo kv. x-ray 
therapy equipment and delivered from 
§,000 to 6,000 r in 3 to 5 weeks to 64 pa- 
tients with gross infiltrating bladder car- 
cinoma, with a & year survival of 25 per 
cent. A palliative tumor dose of 3,000 r 
was given to 48 patients in 8 days with 6 
per cent of the patients surviving for ; 


years, His experience using a central source 
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of cobalt 60 for intracavitary irradiation 
has been disappointing. 

Of 38 patients staged A to C treated at 
the University of California (San. Fran- 
cisco),? 8 (22 per cent) have lived more 
than 3 vears without evidence of disease 
and with normal bladder function, Of 23 
patients treated more than $ vears ago, 8 
were alive after § vears (35 per cent) and 4 
(17 per cent) were nrole] by irradia- 
tion alone, with normal bladder function. 
The radiation therapy tumor doses ranged 
from 6,000 r in £3 weeks to 6,000 r in 7 
weeks. Cobalt 60 or 1 mev. x-ray therapy 
equipment was used. 

It is quite possible that megavoltage 
therapy given before extensive surgical 
procedures have been carried out, or before 
numerous fulgurations have been done, 
will improve the end results both for cure 
and for palliation. 


MATERIAL AND METHOD 


During the past several vears, there has 
been a trend to use combined treatment, 
and,in particular, megavoltage therapy and 
antitumor drugs as parts of the definitive 
and curative cancer therapeutic regimen. 
The reason has been because of the appreci- 
ation. of the limitations of our present 
methods of therapy and also because of 
improved equipment, techniques, and the 
new antitumor drugs which have become 
available. The discovery of new chemo- 
therapeutic agents has provided another 
avenue of approach to the problem. 

In general, tumor tissue is more sus- 
ceptible to damage than normal tissue 

when wonizing radiation is employed. The 
use of any agents or combination of agents 
or treatment modalities which will increase 
the sensitivitv of tumor cells or increase 
the resistance of normal cells could im- 
prove the end results of treatment. 

Of the more than 20 chemotherapeutic 
drugs currently in clinical use in the treat- 
ment of bladder cancer, the only one 
which appears to be promising when used 
systemically is &- Fluorouracil | (£- FU). 
When this drug is used alone, it is not cura- 
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tive for bladder cancer or for anv other 
type of cancer. It acts as an antimetabolite. 
It interferes with the synthesis of thymine 
from uracil, with the production of less 
nucleic acids. 

Patients receiving s-FU combined with 
radiation therapy in the treatment of 
bladder cancer have had a much greater 
response than one would normally antici- 
pate. The combined etfect of the two agents 


- 


(chemotherapy and radiation) is greater 
than the simple addition of the effect of 
each agent when used alone. 

It did not take long to find out that if a 
complete course of preoperative radiation 
therapy is given (6,000 rads) and then 
surgery is carried out 4 to 8 weeks later, 
the morbidity and probably the mortality 
are increased without any Improvement in 
the 5 year survival rates. 

Also, if one attempts to give a full course 
of s-FU (with the recommended dosage 
when this drug is used alone) combined 
with a full course of radiation therapy, the 
morbidity will be excessive and the treat- 
ment will have to be interrupted or dis- 
continued in many cases because of the 
resultant toxicitv. 

The following protocol is employed at 
the present time by the Division of 
Urology and the Division of Radiation 
Therapy at UCLA for the treatment of 
carcinoma of the bladder, primarily as 
adjuvants to definitive open surgery (cys- 
tectomy or partial cystectomy). Since this 
form of combined treatment has been used, 
complete tumor disappearance in a rela- 
tively higher per cent of patients whose 
original tumors were still confined to the 
bladder has been noted. 4 number of the 
patients who have refused cystectomy are 
being followed by periodic cystoscopy and 
biopsy. Excellent responses have been ob- 
served jn cases with multiple superficial, 
but rapidly recurring, tumors of low 
histologic grade as well as in highly un- 
differentiated tumors with deep muscle 
invasion. It is doubtful whether large 
tumors showing perivesical extension and 
fixation or local lymph node spread will 
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respond to this method of treatment. 

The patient is given 5-FU* by continu- 
ous intravenous infusion. One ampoule of 
soo mg. of §-FU is dissolved in 1,000 cc. of 
g per cent glucose and water to which is 
added 10 mg. of heparin and 10 mg. of 
hvdrocortisone. The latter two drugs are 
used to minimize phlebitis during the week 
or two when the continuous intravenous 
infusions are given. Plastic catheters are 
used for the intravenous infusions. The 
1,000 cc. mixture is given over 12 hours and 
repeated during the next 12 hours so that 
the patient receives 1 gram of 5-FU per 
day. Every attempt is made to continue 
this intravenous therapy over a period of 
8 days and, if possible, for 14 days. Con- 
comitantly with the «FU the patient is 
given cobalt 60 teletherapy and receives 
an average of 200 rads tumor dose daily. 
Bv the time he leaves the hospital, the pa- 
tient will have received between 1,600 
and 2,400 rads tumor dose. After leaving 
the hospital he is continued on cobalt 
therapy, usually 6 days a week, until a 
tumor dose of 3,500 rads has been reached. 
During the time that he is receiving cobalt 
60 teletherapy as an outpatient, he receives 
an infusion of soo cc. of § per cent glucose 
in water to which is added 1 ampoule 
(soo mg.) of s-FU. The infusion is made 
over a period of approximately 2 hours. 
This is done every other day. Occasionally 
toxicity is encountered with this infusion, 
even though the amount of the drug being 
administered is smaller than that which 
the patient received in the hospital. 
Toxicity usually consists of diarrhea and 
nausea and more rarely leukopenia or 
platelet depression. The white blood cell 
count and platelets are checked every day 
while the patient is on inpatient therapy 
and when he becomes an outpatient these 
determinations are made before he re- 
ceives the s-FU. If the white blood cell 
count falls below s,coo or the platelet 
count below 100,000, treatment is in- 
terrupted temporarily until the count re- 
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turns to more normal levels. Following the 
completion of combined therapy it is 
customary to wait 1 month before per- 
forming cv stoscopy and repeat biopsy. If 
cystectomy ts decided upon it should be 
done between 4 weeks and 8 weeks after 
the completion of combined therapy. 

It is not believed that there is any ad- 
vantage to giving the s-FU undiluted, in- 
travenouslv. It is not considered necessary 
to give the drug to toxicitv in order to ob- 

tain better results. Hall and associates, 

in commenting upon the time and vehicle 

studies of a safe and effective method for 
administering 5-FU, found in a study of 87 
patients with breast cancer that the over- 
all response rate of 25 per cent was not 
related to the time of infusion or vehicle, 
and that the beneficial effect was not de- 
pendent upon the production of systemic 
drug toxicity. 
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Bur dom E pee iacu 
and surgery (in most cases) is shown in 
Tables 1 to vr inclusive. In the beginning 
only small doses of s-FU were given. At 
the pe time a course of s-FU consists 
of from 13 to 15 or more grams. Some of 
the patients included in this series have 
been previously reported;*!" however, the 
present status of all the cases is given in 
this report. 

Patients receiving s-FU combined with 
radiation therapy in bladder cancer have 
had a much better clinical response than 
one would expect. The combined effect 
of the two agents (chemotherapy and 
radiation therapy) is greater than that of 
each agent when used alone. It is difficult 
to explain the absence of tumor cells in a 
high percentage of potentially curable blad- 
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PREOPERATIVE IRRADIATION, CHEMOTHERAPY AND SURGERY FOR BLADDER CANCER 


T.C, transitional cell carcinoma. 


Stage of 
l ; Cell ia ;- FU Tumor Dose " 
Patient Sex Age m. Grade e Surzery Kesult Present Status 
7 Type (gm.) Cobalt 6o " 
HI M 67 LG, HI $20 3 p m Cystecramy Partial Alive—no tumor 
regression 31 months 
WG M 66 T.C. HI $.9 3,000 rads Cvsteciemy No tumor Alveno tumor 
43 months 
SC M GA TE: H 15.0 3,483 rads Transurethral No tumor Alive-—no tumor 
resection 19 months 
HR M 71 T.C. IH 48 2,100 rads Transusethral None Deceased 
resection; partial 24 months 
eystectemy 
EK M $4 T.C. HI HILLO 3.788 rads Cvstectamy No tumor Alive—no tumor 
18 months 
AN F 48 TC, H 10.9 3.360 rads None No tumor Alive—no tumor 
10 months 
WE M 42 T.C. H 14.0 3,500 rads Cystectoriy No tumor Alive-—-no tumor 
ro months 
NM F 716 b. IH 13.0 3,555 rads None No tumor Alive-~no tumor 
12 months 
GG M 64 F.C, H 15.0 5,800 rads Cystectemy No tumor Alive-—no tumor 


6 months 


- 
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Tague II 
PREOPERATIVE IRRADIATION, CHEMOTHERAPY AND SURGERY FOR BLADDER CANCER 
Stage Bi 
: Cell s-FU Tumor Dose 
Patient Sex Age Type Grade (gm.) Cobalt 60 Surgery Result Present Status Comments 
RM M 68 T.C. II 3-5 3,075 rads Cystectomy No tumor  Alive—no tumor 
44 months 
RB M «45 T.C. II 5.2 3,406 rads Partial Foci of Alive—no tumor 
cyatectomy tumor 29 months 
LM M so T.C. II 4.0 3,114 rads Cystectomy Notumor  Alive—no tumor 
32 months 
js] M 68 T.C. II 3.6 3,050 rads Transurethral Biopsy Alive—no tumor One smali superficial 
resection negative — 27 months, lost to recurrence at I2 
follow-up months; transurethral 
resection—no  recur- 
rence 
JS M 64 T.C. III 2.8  3,600rads None No tumor  Alive—no tumor Cystectomy 22 
36 months months after first 
treatment for recur- 
rence; alive—no 
tumor 12 months 
after surgery 
CN M 66 T.C. IV 3.5 4,606 rads Fulguraton None Deceased 36 months Cystectomy 24 
. 2 months later months after first 
1,605 rads treatment for recur- 
12 months later rence; deceased 12 
15.0 months after surgery 
with bone metastases 
SL M 6 T.C. III 5.0 6,120rads None Biopsy Deceased 56 months No tumor at death 
negative from cerebral vascu- 
lar accident 
GS M 6; T.C. II 4.5  3,620rads Cystectomy No tumor  Álive—no tumor 
36 months 
JSR M 66 Epid. IV 14.0 3,363 rads Cystectomy Notumor  Alive—no tumor 
22 months 
GK M sy T.C. MI 3.5 3,440 rads Cystectomy Partial Alive—no tumor 
regression 37 months 
IG F 67 Sq. IH 3.5 3,009rads None No Alive—no tumor Lost to follow-up 
cystectomy I9 months 
FM M s T.C. IV 3.8 3,500 rads Cystectomy Partial Deceased Ureteral recurrence 
regression 22 months 22 months 
LE M 6 T.C. IV 4.6  4,000rads None None Alive—with tumor Lost to follow-up 
14 months 
WE M s4 T.C. III 9.0 Á3,507rads Cystectomy Partial Alive—no tumor 
regression 14 months 
BR M 61 T.C. IH 9.0 3,171 rads None Marked Deceased Cystectomy for re- 
regression 12 months currence 12 months 


T.C.- transitional cell carcinoma; Epid. = epidermoid carcinoma; Sq. squamous cell carcinoma. 


after first treatment; 
postoperative death 


Taste HI 


PREOPERATIVE IRRADIATION, CHEMOTHERAPY AND SURGERY FOR BLADDER CANCER 





St aye Ba 


Patient Sex Age Grade SED Tumor Dose 
\ 


Cobalt 60 Urgery Result Present Status Comments » 


TD M b4 TC. H 3.0 2,057 rads Cystectomy — No tumor Deceased 25 months 
CS E 6 TEC H 3-5 3,908 rads Cystectomy No twwor Deceased 37 months Distant tumor spread 


IP M so FC 1H $.O 3,149 rads Cystectomy Partial Alive--no tumor 
regression — 47 months 


ES M sg Sy H 3.5 3,822 rads Cystectomy No tumor Alive--no tumor 
36 months 


JM M o LC. IV 6.5 3,025 rads None No tumor | Alive no tumor Negative cytoscopy 
62 months 


EB F co TC. HI 3.6 1,956 rads None No tumor Suicide 43 months Recurrence 8 months 


2nd course after first treatment 
8 months later 
2.6 4.013 rads No tumor 3o months : 
' . ` 
after last treatment i 
CP M 42. TC. ] §.§ §,005 rads None Marked Deceased 47 months Symptoms at 38 
relief «f months after treatment; 
symptoms; bladder fixed-~trans- 
nocvtos- urethral resection for 
copy symptom relief 
CG M 64 T.C, HI §.§ £,2723 rads None No tumor — Alive--no tumor 
47 months 
CA M «c. T.C. HI 16.0 3,§00rads Cystectomy Partial Alive—no tumor 
regression — 8 months 
FM M s8 FC. Tf 13-5 3,472 rads Cystectomy  Parrial Alive-—no tumor 
regression — 12 months 
MP M 45 TC, IH 11.0. 3.450 rads Cystectomy Partid Alive--no tumor 
regression — 12 months 
T.C. = transitional cell carcinoma; Sq. — squamous cell carcinoma. b 
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Stage C 


s-FU Tumor Dose 


fem.) Cobalt 6o Surgery Result Present Status Comments 
E of DX C ww 


` Ny * E li ™ 
Patient Sex Ave m Grade 
>" Type 


AC M 70 Sa. Hi 3-5 2.104 rads Cystectomy Partial regression Alive—no tumor 


$59 months 


Jj M sò Epid. HI 4.O 3,58€ rads Cystectomy None Deceased 8 Developed vesico- 


months colon fistula 6 
months postoper- 
ative 


LG F s4 TC. H 4.7. 4,189 rads Cystectomy Partial regression Deceased 9 Cerebral vascular 


months accident 
MS M 6c TC. IH 4.0 3.359 rads Cystectomy Partial regression Deceased 17 Pelvic recurrence 
months at 11 months; 4o 


per cent subjective 
improvement v... 
ML M ee. TC HH 15.0 3,500 rads Cystectomy Partial regression Alive—no tumor 
6 months 


FVE F vo T.C. IV 1$.C  3,.s50O0 rads None No temor Alive--no tumor Cystectomy for re- 
1$ months currence af r6 
months; alive--no 

tumor 


a mr rrr a a A 











Sq.= squamous cell carcinoma; Epid. = epidermoid carcinoma; 
T.C.- transitional cell carcinoma. 


Patient Sex 
FD M 
AL M 
VG M 
NG M 
ML F 
DT M 
JW M 
TH M 
JA F 
TG M 
MB M 
DC M 
EL F 
IW M 
JF Ih 
IR F 
BE M 
RG F 
RP M 
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6o 


53 


50 


$9 


66 


53 


45 


48 


dC. 


T.C. 


Te 


T.C. 


T.C. 


T.C. 


TIC. 


T.C. 


T.C, 


T.C. 


H 


HI 


II 


HI 


H 


I 


HI 
HI 


IV 


LU 


IH 


HI 


IV 


HI 


IV 


s-FU Tumor Dose 
(gm.) 


Cobalt 60 


5,814 rads 


16 months later 
15.0 


4 6 4,000 rads 

9 months later 
15.0 

$.5 4,500 rads 


3 


.© 6,178 rads 


postoperative 


S. 


3. 


18 


9. 


13 


l4. 


3 


2 6,099 rads 


$  $,025 rads 


.$ 2,204 rads 


.2 4,080 rads 


.O 3,450 rads 


5 3,580 rads 


Oo 3,394 rads 


.O 3,538 rads 


.© 9,327 rads 


3,471 rads 


.8 2,100 rads 


36 months later 


5 


4. 


I 4,233 rads 


Initial 
§ 3,392 rads 


Postoperative 


2 


© 3,084 rads 


12 months later 


15.0 — 

6 months later 
15.0 — 

4-7 4,021 rads 
3 months later 
1.0 913 rads 
2.5 2.311 rads 


5$ 


3,500 rads 


12 months later 


15. 


O 43,000 rads 


6 months later 


4- 
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O 2,256 rads 


Taste V 


None 


Transurethral 
resection 


Exploratory 
laparotomy 
Cystectomy 


Partial 
cystectomy 


Cystectomy 


None 
Cystectomy 
Exploratory 
laparotomy 
and Bricker 
operation 
Exploratory 
laparotomy 
and Bricker 
operation 


Cystectomy 


Cystectomy 


Cystectomy 


Cystectomy 


Cystectomy 


Exploratory 
laparotomy 


Partial 
regression 


Cystectomy 


T.C. = transitional cell carcinoma; Sq. = squamous cell carcinoma. 
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Negative cystos- 
copy; lost to fol- 
low-up 


None 


Partial 
regression 


40-50 per cent 
regression 
Partial regression 


Partial 
regression 


Partial regression 


None 
None 


None 


None 


Partial regression 


No residual 
tumor in bladder 


None 


Partial 
regression 


go per cent 
regression 


None 


Partial regression 


Partial regression 
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Present Status 


Mutui DM eM an E Ae e e ASAAN at ay me aaa D ———————————w—»—» REPERI 


6.5 


Alive with tumor 
24 months 


Deceased 10 months 


Deceased 6 months 


Deceased 18 months 


Deceased 36 months 
Deceased 12 months 
Alive with tumor 

g6 months 

Deceased 8 months 
Deceased 8 months 


Deceased 8 months 


Deceased 6 months 


Deceased 6 months 


Alive--no tumor 
12 months 


Deceased 6 months 
Alive with tumor 


46 months; lost to 
follow-up 


Deceased with 
tumor 30 months 


Deceased 7 months 


Deceased 12 months 
with disease 


Deceased 22 months 


Comments 


Recurrence 16 
months 


Lymphedema; 
vesico-colon 
fistula 


Uremia; wide- 
spread metas- 
tases 


Metastases to 
spine 


Azotemia 


Previous 
irradiation 


Urethrectomy 
at 43 months 


Previous 
irradiation 


Recurrent iliac 
lymph nodes 
and inferior 
vena cava ob- 
struction at 36 
months; lymph 
node negative 


Recurrence 
13 months; 
$-FU, subjec- 
tive improve- 
ment, no ob- 
jective im- 

provement 


at 


Widespread 
disease 


Abdominal 
fistula with 
tumor 


p 
oO 


t 
E 


Justin J. Stein and Joseph J. Kaufman 


MARCH, 1958 


Taste VI 
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Stage D» 


AM Cel a -FU Tumor Dose S : " " 
Patient Sex Age Grade $ ie à Surgery Result Present Status Comments 
=- Typ igm.) | Cobalt 6o S 
AL M 49. TC. dil 6.$ §,066 rads None None Deceased 3 months 
OM M 4 TG IY 4-1 3,066 rads Exploratory Parral Deceased 16 months Did well for 7 
2 months later laparotomy regression months post- 
4.0 3,086 rads at 3,066 rads operative 
FS M óo TC. IH 2.5 3,345 rads Exploratory Nore Alive with tumor 


postoperative 
4.0 2,787 rads 
PL M 63 T.C. HI 4-5 


CA M o T.C. IH 4.9 
6 months, later 
7.0 4,000 rads 


LG M 4 TC ll 9 


12 months later 


laparotomy 
g,osorads None 


3,530 rads None 


14 months 


None Deceased 9 months 

None Alive with tumor 
22 months; lost to 
follow-up 


&.100 rads 1o years post- Complete regres- Deceased 22 months Developed pul- 
cystectomy 


sion of meta- monary me 


15.0 urethrectomy — stát:c lymph node tastasis 20 
done months later 
JA M 6 T.C. IV 8. 1,845 rads None Paim response Deceased 12 months 


ji M 56 TC. HI 10.5 
3 months, later 
8.0 1,848 rads 


p—————— ———————— € 


T.C.= transitional cell carcinoma. 


der carcinoma patients following this 
method of combined therapy when only 
moderate tumor doses of radiation therapy 
are used. One would not expect similar re- 
sults when either method of treatment is 
used alone with the same factors of treat- 
ment, 

There was no increase in morbidity and 
mortality, nor was wound healing affected. 
The patients were able to tolerate the 
combined therapy satisfactorily, but close 
supervision must be maintained. 


SUMMARY 


The coordinated efforts of the urologist, 
radiation therapist, and chemotherapist, 
the more careful staging of the disease, 
improved techniques in surgery and anes- 
thesia, and better antibiotics have all con- 
tributed to the better management of pa- 
tients afflicted with bladder cancer. 

The use of preoperative megavoltage 


3,450 rads None 


$ months after 
first treatment 
no tumor in 
bladder; bone 
metastases 
present 


Alive with tumor 
g months 


Marked 


regression 


radiation therapy is promising and data 
are presented to show that the end results 
may be improved following its use. 

Experience with the use of 5-FU and 
preoperative radiation therapy has in- 
creased the percentage of tumor regression 
noted at the time of surgery over that 
anticipated when either agent is used alone. 

It is important that continued experi- 
ence be obtained with a large number of 
patients in order that a full evaluation of 
this combined regimen can be made. 
Whether or not there will be an improve- 
ment in the 5 year survival rates by using 
this method over other methods remains to 
be established. 


Justin J. Stein, M.D. 

Department of Radiology 

The Center for the Health Sciences 
University of California Los Angeles 
Los Angeles, California goo24 
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SEQUENTIAL CHEMOTHERAPY AND RADIATION 
THERAPY OF BUCCAL MUCOSA CARCI- 
NOMA IN SOUTH INDIA* 

METHODS AND PRELIMINARY RESULTS 


By C. F, von ESSEN, M.D., L. B. M. JOSEPH, M.B., M.S., G. T. SIMON, M.D.S., A. D. SINGH, 
M.B., B.S., F.F.R., and S. P. SINGH, M.B., B.S., EFR. 


VILLORE, SOUTH INDIA, AND NEW HAYEN, CONNECTICUT 


UCCAL mucosa cancer is a widespread 

disease in South India. It is character- 
ized by wide regional invasion and low 
curability because of the usually advanced 
stage of the disease before the average 
patient appears for treatment (Fig. 1, .7 
and 5). The clinical features have been 
previously described." 

The accessibility of this tumor to direct 
measurement, tissue analysis, and photog- 
raphy makes it suitable for clinical trials 
with potentially favorable therapeutic 
modalities. Chemotherapy with metho- 
trexate (MTX) followed bv radiation 
therapy has been reported to increase 
survival of patients with epidermoid car- 
cinoma as compared to patients treated 
with irradiation alone.! Similar studies 
with $-fluorouracil (FU),/* MTX,!* and g- 
iodo 2!-deoxyuridine (IUGR)? at the Yale- 
New Haven Medical Center have sug- 
gested possible benefits from combined 
chemotherapy and radiation therapy, but 
these have not been conclusive because of 
the small number of patients and the wide 
varietv of tumor sites. It was decided to 
perform a clinical trial with radiation 
therapy alone (RAD) and with MTN, 
TUdR, and FU, each followed by irradia- 
tion in patients with advanced epidermoid 
carcinoma of the buccal mucosa. The initial 
route of drug administration was intra- 
venous. It is planned to alter the route of 
administration to regional arterial infusion 


and tc compare routes and dose schedules 
of the most effective drugs when significant 
differences between drugs are found. 


CLINICAL MATERIAL 


Patents with untreated epidermoid 
carcincma arising in the gingival or buccal 
mucosz, Stage III or Iv, were accepted for 
evaluation. The procedures of evaluation 
are shown in Table 1. Conditions excluding 
the patient from the study included dis- 
eases such as tuberculosis, renal insuffi- 
ciency or pregnancy that would render anv 
of the possible treatments hazardous, and 
metastises below the clavicle. Severe ane- 
mia, hook-worm infestation, and infections 
were treated. Full dental extractions were 
generally performed. The hemoglobin level 
was adjusted to at least 10 gm. per cent, 
the white blood cell count was required to 
exceed 4,000 per cu. mm., and the blood 
urea to be less than 40 mg. per cent (serum 
creatinine clearance at least 35 liters per 24 
hours). Careful caliper measurements of 
the primary tumors were made in three 
diameters since these tumors were acces- 
sible for volume estimation. Some tumors 
that were highly infiltrating with marked 
trismus, mandibular destruction, and ex- 
tension into the hard palate could not be 
accurately measured, and in these situa- 
tions the measurements were modified to 
include the one or two dimensions most 
easily palpated and the volume calculations 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, Mav 29-31, 1967. 

Part of Symposium: Combination of X-Ray and Chemotherapy. Chairman, Roali N. Grant, M.D., New York, New York. 

From the Departments of Radiation Therapy, Dental Surgery, and Surgery, Christian Medical College Hospital, Vellore, South 
India, and the Section of Radiation Therapy, Yale University School of Medicine, wew Haven, Connecticut. 


Investigation supported by Agreement No. 6X4321 between the National Institutes of Health, U.S.P.H.S,, the Indian Council of 


Medical Research, and the Christian Medical College, Vellore, under Section 104 Ch} of P.L. 480, and U.S.P.H.S. Grant Number C A. 
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Fic. 1. (7) An example of the typically advanced 
state of disease upon presentation at the Christian 
Medical College Hospital. This patient had an 
epidermoid carcinoma of the buccal mucosa with 
perforation through the cheek, destruction of the 
mandible, but no palpable enlargement of the 
regional lymph nodes. (B) The same patient 127 
days later. She refused treatment and left the 
hospital only to return with far advanced disease. 
There is massive destruction of the face and ulcera- 
tion of regional lymph node masses. However, no 
low-lying cervical lymph nodes were palpated and 
the chest roentgenogram was negative. 


were estimated. Trismus and the volumes 
of metastatic lymph nodes were also 
measured when present. 

After having been found acceptable for 
the protocol, the patients were randomized 
into four groups by the method of Hill” 
Random numbers were used in groups of 12 
so that every sequence of 12 patients had 
an even distribution into the four treat- 
ment groups. No withdrawals were made 
beyond the point of randomization, 
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PROCEDURES OF EVALUATION 


Laboratory Procedures 
Complete blood cell count 
Urinalysis 
Stool examination for ova and parasites <2 
Biopsy 
Roentgenograms of mandible and chest 
Bone marrow smear 
Serum urea 
Serum creatinine clearance 
Plasma protein 
Serum folate X 2 
Bis 
Dietary consultation 

Additional Procedures in Selected Cases 
Urinary FIGLU (formaminoglutamic acid) excre- 

tion following histidine loading 
Tissue histidase activity (normal and malignant 
tissue biopsy) 

Urine chromatography 
serial serum folates 


METHODS 


The treatment protocols by group are 
shown in Table ir. 


RADIATION THERAPY 


The prescribed dose for all patients was 
6,500 rads delivered in a 6 week period 
using Co? teletherapy with source skin dis- 
tance of 80 cm. Those patients allocated to 
receive radiation therapy onlv were started 
immediately, while in cases allocated to 
receive chemotherapy followed by radia- 


Tanrk EH 


TREATMENT PROTOCOL 


Daily Drug Doset | 
TT | | Radiation 
DIESEN MEL Uu Dose 

| mg./m^ | kg. 


E i 
MTX-RAD* | G | 
IUJR-RAD* | 2,840 | 9o 
FU-.RAD* | £20 | ie 


Q 
Bé 


,5, 00 rads 


in 6 weeks 


RAD — Radiation Therapy; MT X= Methotrexate; [UdR= Io- 
dodeoxyuridine; FU Fluorouracil. (These abbreviations apply 
to Tables pix). 

* Radiation therapy began on Day 10-1«. 

! $ consecutive intravenous injections, 


^ 
5 


tion therapy, the radiation therapy was 
begun between Day 10 and Day 1; follow- 
ing the initiation of the chemotherapy. 
However, in all cases the level of mucositis 
was observed and treatment was delayed 
until it subsided below the second degree 
level. Radiation therapy was generally 
delivered by means of right angled wedge- 
filtered fields directed from anteriorlv and 
laterally and planned to encompass all 
visible and palpable disease with generous 
margins superiorly and inferiorly. In ex- 
tensive disease approaching the midline, 
cross-firing or other angles were planned. 
The dose to the cervical spinal cord was 
limited to less than 4,500 rads. In cases 
where a severe third degree mucositis 
developed during the prescribed treatment, 
interruption of therapy was carried out for 
one week or less and the total dose was, in 
these cases, raised to 7,000 or 7,500 fads. 
The usual average daily tumor dose, 
calculated at the minimal percentage con- 
tribution within the tumor volume on the 
contour, was 217 rads given through one 
field daily, $ days a week. 


DRUG THERAPY 


The dosage was derived from experience 
at Yale-New Haven Medical Center. In 
all cases the injections were given intra- 
venously over a period of a few minutes 
to a few hours as in the case of IUdR. It 
was found that IUdR was more toxic in the 
Indian patients than in the group at Yale 
and the dosage was reduced. Conversion of 
dosage in milligrams per kilogram to milli- 
grams per square meter was performed 
because of the diminutive stature and 
weight of many of the Indian patients and 
in accordance with recommended prac- 
tice," The full prescribed dose of drug was 
given over § consecutive days but in some 
instances interruption or elimination of the 
hnal dose was made because of undue toxic 
reactions. 

Measurements of response and reactions. 
Serial recordings at least twice weekly 
were performed on all patients under active 
treatment and consisted of the following: 
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r. Peripheral leukocyte counts. 

2. Oral mucositis—first. degree muco- 
sitis was scored when erythema oc- 
curred, second degree when discrete 
to semiconfluent patches of whitish 
membrane developed, and third 
degree when confluent patches of 
whitish membrane were noted. 

3. Enteritis—first degree enteritis was 
noted when there were 2 to 5 loose 
bowel movements daily or vomiting, 
second degree at greater than 5 loose 
watery movements, and third degree 
with severe diarrhea with mucus or 
blood and marked dehydration. 

4. Tumor effect—tumor volume was 
measured serially by caliper, gener- 
ally by one examiner throughout the 
course of treatment to insure maxi- 
mum consistency.'!’ — Photography 
and, in some cases, serial biopsies 
were also done. 


All reactions and responses were re- 
corded on a specially designed graph 
similar to one developed by Friedman and 
Dalv.* Follow-up examinations were also 
recorded on this form. 


SURGERY 


Patients. were evaluated for surgery 6 
weeks foliowing completion of radiation 
therapy. Those cases with apparent resid- 
ual or recurrent disease were selected for 
resection, generally hemimandibulectomy 
and local soft tissue resection. 


RESULTS 

One hundred patients have been ad- 
mitted to the study in the first 13 months 
of the program. The distribution of sex, 
age, tumor volume, bone involvement, and 
T-N classification are shown in Tables im 
and iv by treatment groups. Analvsis of 
the listed characteristics shows a lower 
male to female ratio, a lesser mean tumor 
volume, and a lower percentage of bone in- 
volvement in the radiation only group as 
compared to the other three groups. [n the 
comparison of T-N distribution, the group 
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COMPARISON OF TREATMENT GROUPS 
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Mean Tumor 


| Vol u m e | UTC PMID TE —— —————  PLóÓ — 
(yr-) | (cm.3) | + | -— 


PP d 


c 17-7 3) : | 21 


s : (30-74) | (19-310) 18 | 6 
| | 9.7 | 63-4 
| | | = IMMUNE ccv eet 
"" | | | 48.04 2.1 i 92.028.5 | | 
IUdJR-RAD | 14 i 9 | (28—64) | (6-530) i 14 | É 
| | 10.2 | ^ 16.9 || (70%) | 


(30-69) | (47400) 


g8.8t1.8 | 838190. | 
9.2 | 95.0 | 


| 9 
i 
| 


s tac a a ett innt mice Dno ettam tomm eta Alte ta 





| Chi-square 2.11 | Chi-square = 2.20 
| (D.F.= 3) | = (D.F.=3) 
Pzo.s | d 


* Mean and standard error. 
T Range. 
t Standard deviation. 
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T-N DISTRIBUTION IN TREATMENT GROUPS 





i i 
MTX-RAD | (4) , (96%) | Qa | (e | OH) Gr 
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| 2 | 19 
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10 | by 
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| 17 | -8 | 10 | 13 | 12 | $9 
P** l L gyr i " 7e» o i i 1j ; YO i s, "X 
l'otal F.A ee) || (8270) | (10 C i 14% ^G (13%) | (6390) 
1 


COE -— 12.68 
(D.F.— 3) (D.F. 9) 
Px ol P=0.5 
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bic. 2. C7) Day o. This patient has a lesion involving the left buccal mucosa with invasion of the maxilla. 
There is surrounding edema. (B) Day 1s. The tumor has regressed considerably at this time, $ davs fol. 
lowing completion of a course of systemic methotrexate (MTN ). (C) Day 60. There is no gross tumor by 
completion of a course of radical radiation therapy. A residual erocutaneous fistula marks the area of orig- 
inal perforating tumor. (D) Graphic representation of the treatments and the normal malignant tissue 
reactions of this patient. 


receiving  z-fluorouracil and radiation with follow-up periods of 2 to 14 months. 
therapy had a significantly larger percent- Three examples are shown in Figures 2, 
age of patients with T, lesions than was z- D; 3, A-D; and 4, 4- D. 

noted in the other three groups. These 

characteristics were not included in the 
randomization process and it is expected The immediate changes of tumor volume 
that the discrepancies of possible prognos- following chemotherapy are shown in 
tic factors will diminish as the study con- Figure s, All three drugs produced a 
tinues. It was possible to evaluate short prompt volume reduction in a large per- 
term effects of treatment in 87 patients centage of patients. These effects can be 


TUMOR VOLUME CHANGES 


wah, 
»5— 


hic, 4, C4) Day o. A patient with an extensive carcinoma involvin g the left cheek with mandible erosion and 
a large fixed upper cervical lymph node. (B) Day 9. Result of systemic iodedeoxyuridine (IUdR). The tu- 
mor regressed consilerably and the cervical lymph node became markedly fluctuant. At this time radical 
radiation therapy was initiated. (C) Day 75. The result of incom plete radiation therapy. The patient ab- 
sconded midway through the schedule course of radiation therapy, then returned to receive a further in. 
completed course. However, a total regression of disease was noted at this point. Local recurrence in bone 
developed § months later. (D) Graphic representation of the events described above. 
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lie. 3. GT) Day o. There is an ulcerating tumor involving most of the right cheek and producing marked 
trismus, an orocutaneous fistula, and erosion of the mandible. (B) Day 10. The exophytic portion of the 
tumor has regressed consid lerablv following a course of systemic Ruorouracil (FU). (C) Day 93. Result fol- 
lowing completion of radical radiation therapy. Local ied persist ted but a marginal recurrence in the 
zygomatic region was noted 6 months later. In retrospect, the dimensions of the radi ation field were estab- 
lished on the basis of the apparent tumor volume following i instead of preceding C chemotherapy. It appears 
from this and other cases i it tumor margins are not sufficiently sterilized bv prelimin: ary chemotherapy to 
warrant any reduction of initial radiation volumes. (D) Graphic representation of the treatments and the 
normal and malignant tissue reactions of this patient. 
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Fic. §. Composite graphs of tumor volume curves during and following chemotherapy. All tumor volumes 
were normalized to 100 per cent on Day o, the day of initiation of treatment. All 3 drugs produced a large 
percentage of significant tumor regressions. The curves end at the time of initiation of radiation therapy. 


evaluated up to the time of initiation of tion therapy are shown in Figure 6. The 
radiation. therapy. The relationships of rate of regression for radiation therapy 
the serum folate levels to tumor regression alone was generally less than that for the 
following drug therapy are shown in Table drug responses. MTN and FU appeared to 
v. Folate deficient patients showed a produce more prompt regression both alone 
greater tumor regression pattern with a 10 and in combination with radiation therapv. 
per cent level of significance. The number of 


responses to individual drugs are too few d 
to evaluate. The drugs produced toxicity of a degree 


Tumor volume changes following radia- varying from no detectable reaction to 


Tape V 


RELATION OF SERUM FOLATE LEVELS TO TUMOR R ESPONSE FOLLOWING CHEMOTHERAPY 


Serum Folate Levels 


Group | Now | «5$ mag./ml. 5 or more mgg./ml. 
Responses ^on-Responses | Responses | Non-Responses 


I Ud R 2i 3 3 | 4 | 9 

FU 24 lo 2 | 7 5 
assa ebd ate ne ^ UU ied E ——— HR a ie ikea i PETERE occid Ac 
Fotal | 6s 22 340.) | to (16%) 15 (2392) 18 (28%) 


Chi-squarez 2.90 
(DE = 1) 
aeb P» oos 


f£" 
AED 


Response = $095 or more tumor volume reduction. 


Pi 
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death. These findings are shown in Table 
v1 and appear unrelated to the serum folate 
level. Toxicitv, however, appears related to 
tumor response as shown in Table vu. 
Radiation therapy also produced reactions 
ranging from none detectable to one death 
which resulted from severe dehydration 
during treatment leading to renal failure. 
In all the treatment groups it was not pos- 
sible to note a significant difference in reac- 
tions but there was a suggestion that FU 
produced a larger percentage of toxic reac- 
tions as well as a larger percentage of tumor 
responses to drug alone but not to sub- 
sequent radiation therapy. All these data 
are summarized in Table vin. 


RAD ONLY 


% TUMOR VOLUME 
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DEGREE OF TUMOR CONTROL 


The follow-up period for this initial 
group of patients extends from 2 to 14 


months. An estimate only of possible tumor 
curabilitv is possible (Table 1x). These 
findings are analyzed both tor the group 
entering the protocol and those completing 
the protocol The difference in patient 
number between these two groups consists 
of 4 deaths during treatment and a large 
number of "absconders" (patients who 
leave during treatment to return to their 
homes). The problem this raises is par- 
ticularly difficult in the follow-up period 
since evaluation for surgery 1s scheduled at 
6 weeks post completion. À large percentage 


MTX + RAD 


FU + RAD 





TIME IN DAYS AFTER BEGINNING RADIATION THERAPY 


"wt 


Vic. 6. Composite graphs of tumor volume curves during and following radiation therapy. The same scale of 
normalized volumes as in Figure ¢ is used. In the 3 groups receiving preliminary chemotherapy the tumor 
volumes at the time of radiation therapy are significantly reduced. The subsequent regressions appeared 
accelerated in these same groups. 
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Tage VI 


RELATION OF SERUM POLATE TO DRUG TOXICITY 





Group |. Total : <§ $ mug./ ^ml. : $ or more mug./ml. 


E———— P a 





[UdR 21 I 3 č i 2 10 





Chi-square 0,6111 Drug Toxicity 

(D.F.= 1) +++ Death. 

0.502 P 0.30 ++ c enteritis or mucositis and/or white blood cell count of «2,00. 
T == 2? enteritis or mucositis and/or white blood cell count of 3,000 to 2,000. 
o = Less than above. 


Tapsee VII 


RELATION OF TUMOR RESPONSE TO DRUG TOXICITY 





| R esponders Non-Responders 


Group | | | 
| Recan | No Reaction. | Reaction | No Reaction 
pem E yaaran | ——————— | Nette nme temm ttt nte at emen ON tate tah ene merat AA p HDI SATIN Iti di ern Hine RA aA E P ARA pee | —— ARR | smee cenit aatnny aarmau ans aaa n ennaa 

MTX 19 | 6 5 | I l 7 

IUdR i 20 | 3 | 6 | 2 | 9 

FU | 23 | 9 
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Total 62 : 18 18 | 7 | 19 


J- 
C3 


Chi-square= 3.37 * 3 deaths related to drug toxicity not included. 
(D, EF. 1) 
Gos > P> 0.02 


Tage VIH 


TUMOR RESPONSE AND TOXICITY FOLLOWING CHEMCTH ERAPY AND RADIATION THERAPY 


| Drag E Effect 





| | Tumor ; "CE | , | Tumor 

Group | Treatment No. | Responses* | | | Responses 

| | | | | € ompleting | | | 

| Per | No. Other Re- | i EE | Fer | No. Her ké 
F | erapy xig ! 

| Cent | Deaths. actions} | iss | Cent | | De: iths. actions? 

| f 


RAD | 
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HI | IUdR-RAD- 
IV | rU RAD | 
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* Drug tumor response go% or greater volume reduction. 
f Radiation tumor i acs go"; volume reduction at any time following completion of radiation therapy. 
t Other reactions 2° to 3° mucositis or enteritis and/or white blood cel! count of 3:000; 
$ Per cent calculated from chemotherapy group only. 
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Taste IX 
APPARENT TUMOR CONTROL IN PATIENTS FOLLOWED 2-14 MONTHS 
| Individuals Com- Individuals Tumor Free 
p ] & t in g } 3 ro t OCC y ie paisa ee Heu eus voce Eu em tue eR SERI sree sme ts eA o —: — 
Group INO. eese ier ^N | With | |  PerCentof | Per Cent of 
| d Prae iS le l Total, Patients Enter- | Patients Com- 
| No. | Per Cent Surgery Surgery | |o E DAS AUR 
| | XE d ii Bery | | ing Protocol | pleting Protocol 
` i ——— Pr REN | SEES AE PASES EATEN AEE sedge ay aa | NENNEN EE is aen t MAMAS MA lo mdi e memineris MEME E — — 9 —M wane 
RA D m | 22 | !5 | 68 3-4 2 5 | 23 33 
MTX-RAD | 20 | 16 | 80 = g 3| 15 9 
IUdR-RAD 21 | 16 | 76 2 | 1 3 | 14 19 
FU.RAD 24 | 18 | Hg 1 | 3 6 | 2 3 
Total 07 | 65 a 8 | 17 1g 26 


of patients failed to appear at this time 
only to return later with gross recurrent un- 
resectable disease. 


DISCUSSION 


Chemotherapy with systemic metho- 
trexate, iododeoxyuridine, or fluorouracil, 
produced striking tumor regressions in a 
large percentage of this group of South 
Indian patients with untreated buccal 
mucosa carcinoma. These regressions can 
be favorably compared to those reported 
with intra-arterial infusion.” ° The technical 
problems of intra-arterial infusion chemo- 
therapy? may possibly detract from the 
theoretic advantages of delivering a can- 
cericidal drug directly into the arterial 
supply to a regionally localized tumor. 
However, these approaches should be com- 
pared in a planned study. A correlation 
with low serum folate levels and drug re- 
sponse of tumors was noted, although host 
toxicity could not be correlated with low 
folate levels. The high percentage of oral 
cancer patients with deficient serum folates 
has also been previously noted.* The subse- 
quent responses to radiation therapy ap- 
peared to be greater in the drug treated 
group than in the control radiation therapy 
group. Detailed clinical observations are 
necessary in order to determine possible 
enhancement of tumor response? as well as 
normal tissue reactions. The short-term 
apparent tumor control, however, was 


similar in all four treatment 
groups. The failure to control disease in 
the majority of patients was due to local 
recurrence of disease, particularly in the 
vicinity of involved bone. lt is therefore 
likely that in this therapeutic approach, 
cancer cells cannot be sterilized in the 
center of these massive lesions with bone 
invasion. The fact that 9 out of 12 surgical 
resections in the entire group have re- 
sulted in apparent success indicates that 
surgery should be routinely employed in all 
patients with demonstrated bone destruc- 
tion. It must be emphasized that all the 
cases admitted to this study were con- 
sidered originally to have unresectable 
lesions. More patients had resection in the 
radiation therapy group than in any of the 
three other groups because of a larger 
number with known uncontrolled disease; 
paradoxically, in the drug treated groups, 
the rate of early complete regression was 
greater and fewer cases were selected for 
surgery. It is, therefore, not possible vet to 
determine if a significant therapeutic ad- 
vantage does or does not exist in one or 
more of the treatment groups. This study 
will continue until this question can be an- 
swered. 


found to be 


CONCLUSION 
Patients with advanced buccal mucosa 
carcinoma have been treated in a four 
group clinical trial consisting of Co®® tele- 
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therapy alone, methotrexate (MTN) fol. 
lowed by radiation therapy, iododeoxyuri- 
dine (IUdR) followed by radiation therapy, 
and fluorouracil (FU) followed by radia- 
tion therapy. Eighty-seven patients were 
evaluated for short-term results. 

All three drugs produced marked tumor 
regressions in an average of §7 per cent of 
the cases. Radiation therapy alone pro- 
duced essentially total regression in 8/15 
(53 per cent); and, when combined se. 
quentially with methotrexate, in 14/17 
(82 per cent); with 1ododeoxyuridine, in 
10,16 (62 per cent); and with flucrouracil 
in 12, 18 (67 per cent). Despite these regres- 
sions, the majority of lesions recurred and 
only 1g per cent apparent salvage has been 
achieved, most of these patients having 
been subsequently subjected to resection of 
the lesion. 

Preliminary drug therapy appears to 
enhance tumor regression following radia- 
tion therapy but no significant difference is 
vet noted in freedom from tumor recur- 
rence, presumably because of highly re- 
sistant residual neoplasm in bone. Routine 
resection of diseased bone is now planned. 
The study will continue. 

Carl F. von Essen, M.D. 

Yale University School of Medicine 
333 Cedar Street 

New Haven, Connecticut obsto 


The authors are grateful to Frederick 
Sherman, B.A., and Scott Ambler for in. 
valuable help in analyzing the d ata, and to 
Dr. Mary Devadatta, who has carried out 
the major task of supervising the treatment 
in many of these patients, 
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CLINICAL EVALUATION OF COMBINED RADIATION 
AND CHEMOTHERAPY IN GASTROINTESTINAL 
MALIGNANCIES* 

By 1. W. D. HENDERSON, M.D., F.R.C.S.(C), B. LIPOWSKA, L.R.C.P. axp S, 
and M. N. LOUGHEED, M.D., F.R.C.P.(C) 


MONTREAL, CANADA 


HE fluorinated pyrimidine com- 
pounds, especially s-fluorouracil, have 
definite effectiveness as antineoplastic 
agents in human malignant tumors, It has 
been especially observed that patients with 
cancer of the gastrointestinal tract have re- 
sponded to these drugs. In the past few 
years Foye ef al. Allaire e£ al., and Frank 
et al? have published data concerning a 
potentiation effect of radiation when ¢- 
fluorouracil was added to radiation therapy. 
This preliminary report presents our 
clinical experience with 61 patients with 
advanced carcinoma of the gastrointestinal 
tract, who were studied over the same 
time period and were treated by: (a) ¢- 
fluorouracil alone; (b) s-fluorouracil in 
combination with radiation therapy; and 
(c) radiation therapy alone. 

The purpose of our investigation was: 
(1) to show in a short study the effective- 
ness, or lack of it, of these three different 
methods in the treatment of gastrointes- 
tinal malignancy; and (2) to determine the 
best method for symptomatic treatment of 
patients with advanced cancer of the 
gastrointestinal tract. 


MATERIALS AND METHODS 


All patients included in this study had 
proved malignancy by pathologic examina- 
tion of a biopsy specimen. Thev all were in 
a stage of the disease when in addition to 
the primary site, metastatic lesions were 
present either in mesenteric lymph nodes, 
liver or bones. 

When radiation therapy was given alone, 


20-30 days and was adjusted in most 
cases to the patient’s tolerance. When 
radiation therapy was given in combina- 
tion with intravenous injections of c-fluo- 
rouracil, the amount of radiation given was 
in the same range as when given alone, 
but the duration of therapy was longer 
(average 45 days). When used alone, with- 
out radiation therapy, c-fluorouracil. was 
administered intravenously in doses of 15 
mg./kg. on day 1,2, 3, and 4; 500 mg. was 
then administered intravenously biweekly 
until toxicity developed. 

When 5-fluorouracil was given in com- 
bination with radiation therapy, the dose of 
too mg. biweekly was administered intra- 
venouslv during the whole course of radia- 
tion therapy, provided that no toxicity 
(bone marrow, gastrointestinal) appeared 
during that period of time. If the bone 
marrow showed signs of depression (white 
blood cell count below 3,000 cells/mm.*; 
platelets below 100,000 cells/mm.?) the 
drug was stopped until the values of white 
blood cells and platelets returned to nor- 
mal. 

Bv accepting the fact that a time/dose 
relationship exists in radiation biology, the 
total dose (in r) was first divided by time 
to obtain a “daily” r value, which could 
be used as a single figure to compare 
statistically with "response." A simple 
method of scoring response or treatment 
efficiency. was decided upon. This gave a 
value of o to those cases which failed to 
respond (no change or worse); a value of 1 
to subjective improvement; and a figure of 
2 for an objective response. When subjec- 


* From the University Surgical Clinic and the Department of Radiation Therapy, Montreal General Hospital, Montreal, Quebec, 


Canada. 
Supported in part by Federal-Provincial Cancer Grants. 
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tive and objective responses were present 
together a value of 3 was assigned. The 
reason that no minus values were used was 
the difficulty encountered in trving to de- 
cide whether patients became worse be- 
cause of their disease or because of the 
treatment itself, 

By means of these two values 
(x= therapy in r/day; y=response) a cor- 
relation study was then carried out by 
standard methods. This was designed to 
answer whether or not a direct correlation 
exists between the dose’day of ionizing 
radiation delivered within the patient's 
tolerance, and the ultimate clinical re- 
sponse. As shown in Table 1 this study pro- 
vides an r value of 0.332; SE, 0.288; 
p=0o.135. There is thus a positive correla- 
tion, but only to a low degree, which proves 
in this series insignificant. 

In Table i the analysis of the data mea- 
suring the Strandqvist value percentile 
divided by 100 rather than the r; day figure 
for radiation therapy, against the same 
scoring of clinical response revealed the 
following values: r 0.551; SE, 20.29; and 
pecus. 

There is, thus, bv using these new figures, 


Tasre | 


IONIZING RADIATION ALONE 


Site of 


Radiation Dose 


Patient dore Response” ns 
(r/davs) Tumor 
i 7 ,000/34 NC Rectum 
1 3,000/ 17 W Colon 
E 4,100/29 S and O Colon 
4 = 000) 31 S Rectosigmoid 
g 3,300/1$ S Colon 
6 4000/20 S Rectum 
7 7,100/ 30 S Rectum 
8 900/8 NC Transverse 
colon 
9 6,700/18 Sand O Stomach 
1o £,300/18 S Rectum 
fi $,000/ 37 W Colon 
i 3,200/4 Sand O Rectum 
13 $2002 Sand O Rectum 
ia da 50/43 Sand O Rectum 
* NC—no change; W—worse; S—subiective improvement; 


O—objective improvement. 
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IONIZING RADIATION ALONE 


3Oo——————————M—— €—————————X——'————————————— 


Radiation as B 





Patiert Strandqvist Response” D - 
| "umor 
Percentile 

i91 NC Rectum 

2 83 NI Colon 

3 76 S and O Colon 

4 128 5 Rectosigmoid 
5 a3 S Colon 

6 79 S Rectum 

7 129 5 Rectum 

8 24 AG Transverse 

colon 
9 lig 5 and O Stomach 
10 TIO S Rectum 
11 86 NI Colon 
12 100 Sand O Rectum 
ps 107 Sand O Rectum 
Rectum 


L4 127 S and O 


*N€—no change; Nino improvement; S—subjective im- 
provement; O-—obiective Improvement. 
Statistics: r= 0.661; SE, 0.29; pos 0.03. 


a positive correlation between the amount 
of radiation measured as a ratio of ideal 
Strardqvist values and the response of 
gastrointestinal malignancy. The signifi- 
cance of this novel approach to radiation 
measurement will be discussed later. 

Using in Table nı the assumption that 
the amount of cytotoxic drug given over a 
period of time possesses a dose; time rela- 
tionship and assuming that this is a direct 
relationship in terms of response of a sensi- 
tive tumor, a single figure for radiation 
therapy was obtained by dividing the dose 
(in gm.) by the time (in davs). Bv assign- 


ment of the same values (o, 1, 2, 3) for 
therapeutic responses, a correlation study 
of the tabular values revealed the following: 
rz0,73; SE, 0.35; p 0.018. 


iJ? 
There is, therefore, a positive correlation 
of crug and response with cancer of the 


color, when that response is measured 
against the amount of drug that can be 
delivered 1n a specific period of time. 
Tables iv and v demonstrate results of a 
very smali number of patients with car- 
cinoma of the stomach and rectum treated 
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TREATMENT OF UNRESECTABLE ADENO- 
CARCINOMAS OF THE STOMACH WITH 
A COMBINATION OF 5-FLUOROURACIL 
AND RADIATION* 
By DONALD S. CHILDS, Jr., M.D., CHARLES G. MOERTEL, M.D., MARGARET A. 
HOLBROOK, M.D., RICHARD J. REITEMEIER, M.D., 
and MALCOLMY. COLBY, Jr., M.D. 


ROCHESTER, MINNESOTA 


OMBINED chemotherapy and irradi- 
ation in the management of malignant 
disease is a subject of current interest. 
Radiation therapy is essentially a local 
agent that is capable of producing partial or 
complete regression in a large number of 
malignant tumors. Systemic chemotherapy 
may produce regressions in patients with 
wide-spread malignant disease, but it is 
often accompanied bv a high degree of toxi- 
city. Studies? of mice with mammary car- 
cinoma have indicated that a combination 
treatment with s-fluorouracil* (s-FU) and 
irradiation resulted in increased inhibition 
of tumor growth as well as in prolonged 
survival when compared to either mode of 
therapy alone. Data from a controlled 
stud y! * of bronchogenic carcinoma in man 
were suggestive of an increase in survival 
time after therapy with irradiation and 
s-FU. von Essen and co-workers’ reported 
a study, using a method of interior con- 
trols, in which radiation and 5-FU were 
employed in the treatment of various 
tumors. This study did not demonstrate a 
significant alteration in tumor response by 
the addition of 5~FU to x-irradiation. 
Since 5-FU has shown its most unique 
clinical usefulness in the treatment of 
gastrointestinal carcinomas, it is hoped 
that this class of neoplasm will be a more 
fertile proving ground for the effectiveness 
of combined therapy. A large number of 


* The s-fluorouracil for this study was supplied by Hoffman- 
La Roche, Inc. 


such studies, with varied and conflicting 
opinions, have appeared in the literature. 
None of these studies, however, have had 
adequate controls. 

Unresectable tumors of the stomach 
represent a problem for the cancer thera- 
pist and radiation therapy has not had 
a major part in the management. Therapy 
with the fluorinated pyrimidines, however, 
has been shown to be capable of inducing 
a regression in some patients with gastric 
adenocarcinomas. We undertook a pilot 
study® to determine (1) the dosage of 5-FU 
that would be relatively safe and tolerable 
in combination with supervoltage radia- 
tion therapy, and (2) whether s-FU com- 
bined with supervoltage radiation therapy 
was capable of producing useful palliation 
in a sufficient number of patients to Justify 
further svstematic evaluation. Results of 
this studv showed that a total dose of 40 to 
zo mg./ kg. of body weight of 5-FU given in 
3 to 4 divided doses by rapid intravenous 
injection at the onset of a course of super- 
voltage radiation therapy was relatively 
safe and tolerable. Larger doses were ac- 
companied by excessive toxicity and mor- 
tality. 

Because a sufficient number of patients 
in the pilot study achieved objective and 
subjective palliation, we conducted a con- 
trolled study? of the use of radiation alone 


and radiation plus 5-FU in unresectable 


gastrointestinal neoplasms. From the 
study,’ it was concluded that in gastric 
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adenocarcinomas the 
patients who received the combination 
treatment was sufficiently greater than that 
of the patients who received radiation 


alone to justify increasing the number of 


patients in the series. 

The present series includes the 15 
patients reported in the previous study? 
and 27 additional patients treated under 
the same protocol. 


MATERIALS AND METHODS 


To be eligible for the study, a patient 
had to have histologically proved unre- 
sectable adenocarcinoma of the stomach, 
which at operation or on clinical examina. 
tion was found to be localized and without 
evidence of distant metastases. All known 
disease had to be localized to a region that 
could be encompassed bv a radiation field 
of not more than 20 by 20 cm. 

Each patient in the series was given 
supervoltage radiation therapy delivered 
by either a cobalt 60 teletherapy unit or a 
6.3 million volt linear accelerator. Radia- 
tion therapy was administered 6 days each 
week at a rate of goo to 1,200 rads per 
week, to a total tumor dose of between 
3,500 and 4,000 rads. In addition to the 
radiation, each patient was to receive 
either 5 IUa saline, the selection being 
made on a random basis. Neither the 
patients nor the investigators were aware 
of this assignment. The daily dose of 5-FU 
for each patient was 15 mg./kg. of actual 
or ideal body weight, whichever was less. 
It was administered by the rapid intra- 
venous technique on consecutive treatment 
days, starting with the first dav of radia- 
tion therapy, until a total dose of from 40 
to so mg./kg. had been reached. When the 
treatment code called for placebo, an 
equivalent volume of isotonic saline was 
administered. Each patient was observed 
for evidence of toxicity during the course 
of the irradiation, and the status of each 
was re-evaluated at intervals of 3 months, 
until either the disease progressed or death 
intervened, 
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COMPOSITION OF GROUPS WITH UNRESECTABLE 
GASTRIC ADENOCARCINOMA TREATED BY 
RADIATION AND SALINE OR §-FU 
| Saline | -FU 
No. of Patients " use | 20 
Age (yr): Mean © 55. | m 
Range | 33-70 | 49-71 
Female LOW c x 
Dukes' Classification B E 3 i. 
Histologic Grade: 1 and 2 ^. ^78 |] 
3 and 4 | 1g | ig 
Proof of Extent: Surgical | 19 | a8 
Clinical [03 | 2 
Primary Tumor | 16 |. A8 
Recurrent Tumor | 6 > B 
RESULTS 


When the treatment code was broken, 
the composition of the two groups was of 
i shown in Table r. There does not seem 

| be any identifiable bias between the 
grou ps " 

Toxicity. Nausea and vomiting occurred 
in 71 per cent of the group receiving SFU 
and in 77 per cent of those receiving saline. 
Nausea and vomiting when present in 
either group were not severe and did not 
result m major difficulty in administering 
treatment. The leukocyte count decreased 
below 2,000,/cu. mm. in 86 per cent of the 
patients receiving $-FU and below 2,000 in 
43 per cent. In the group receiving saline, 
27 per cent of the patients had leukocyte 
counts below 4,000 while none had counts 
below 2,000. Significant throm bocy topenia 
did not occur. Stomatitis and diarrhea 
occurred only infrequently , and when they 
did occur, they were minor. There were no 
deaths as a result of treatment. 

Surtival. The survival curves for the two 
groups of patients are shown in Figure 1.* 
Analysis of these curves indicates that the 
differences are significant at the P «or 


* The method of calc culating the survival rates is described in 
Reference 2. 


Vou. 102, Noe 4 


level but not at the P <.o1 level. Therefore, 
this study is highly suggestive of more 


P 
2 


favorable survival in the combined therapy 
group, although there was no firm evidence 
of this. Continued studv seems to be indi- 
cated. 

At the present time, the mean survival 
in the placebo group is 5.7 months, with 1 
patient alive at 10 months. The mean sur- 
vival in the combined therapy group is 
11.6 months, with 3 patients alive at 16, 24, 
and 46 months, respectively. 

We would lke to emphasize that these 
results apply only to the type and extent 
of disease studied, to the dosage of radia- 
tion used, and to dosage schedule of s-FU 
employed. 


DISCUSSION 


This study was designed to compare the 
clinical results of treatment with radiation 
alone with those of combined s-FU and 
radiation, We did not study concurrently 
similar patients not treated or patients 
treated with ;4-FU alone. In the former 
situation we have attempted to estimate 
survival by studying a comparable group 
of patients with unresectable gastric adeno- 
carcinoma seen at the Mayo Clinic. be- 
tween 1955 and 1958. The patients were 
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Fic. 1. Survival curves in unresected gastric adeno- 
carcinoma. Groups treated with radiation and 
saline or c- FU. 
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hic. 2. Survival curves in unresected gastric adeno- 
carcinoma. Groups treated with radiation and 
saline or -FU and group without treatment. 


chosen on the basis of the operative find- 
ings (unresectable, no distant metastases, 
complete coverage with a 20X20 cm. 
field). After the selection, survival data on 
these patients were gathered. The resulting 
survival curve and the survival curves of 
the two groups in the present study are 
shown in Figure 2. Although this evalua- 
tion represents an attempt to choose a 
group of patients similar to those in the 
present study, it is a retrospective study 
and theretore its validity is subject to 
question. It would seem reasonable to 
suggest, however, that radiation therapy 
in the dose used in this study does not 
appreciably atfect survival of patients with 
unresectable gastric carcinoma. 


CONCLUSION 


Since a statistical analysis of the survival 
curves of the two treatment groups is sug- 
gestive of a real difference, we intend to 
extend this study to include a larger group 
of patients. 

Should the combination of s-FU and 
radiation prove to be of established value 
in unresectable gastric adenocarcinoma, 
consideration should be given to a clinical 
trial of this combination treatment as an 
adjuvant to surgery in patients with 
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resectable gastric adenocarcinoma and poor 
prognosis. 


Mavo Clinic 
Rochester, Minnesota 24901 
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Tase IH 
CARCINOMA OF COLON TREATED WITH 
-FLUOROURACIL ALONE 
po 6 Dose of Drug 
Patient PE SE 5 Results* 
(gm./davs) 
1 25.025 5 and O 
2 20.0/46 S and O 
3 4-35/5 S 
4 20.0/40 Sand O 
$ 6.45/12 5 and O 
6 15.0/98 S and O 
7 12.36/60 NI 
: 6.10/67 NI 
9 5.0/7 NI 
IO 4.5713 S and O 
* S—subjective improvement; O-—-objective improvement; 


NI--no improvement. 
Statistics: r=0.73; SE, 0.35; p=o.018, 


with s-fluorouracil alone. No statistical 
conclusions are warranted; however, it may 
be noted that 3 of the 4 patients with 
stomach lesions, but only 1 of the 4 patients 
with rectal lesions, demonstrated objective 
benefit. 

In combination therapy of carcinomas of 
the large bowel as shown in Table vi, the 
radiation Strandqvist value was again 
divided by too, while values of o, 1, 2 and 3 
were assigned as before to responses. In the 
combined study the drug value was simply 
added to the value of the divided Strand. 
qvist percentile and a correlation study 
carried out on a combined therapy index 


Tage IV 


CARCINOMA OF STOMACH TREATED WITH 
S-FLUOROURACIL ALONE 


Dose of Drug 





Patient ; : Results* 
(gm./davs) 
1 4.2/10 S and O 
2 3.5/4 NI 
3 5.75/13 O 
4 §.0/10 S and O 
* S—subiectiveimprovement; O—objectiveimprovement; NI— 


Because of the small number of patients no correlation study is 
warranted. It is, however, interesting that 3 of the 4 patients had 
an objective response while 1 showed no improvement. 
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TaBLe V 


CARCINOMA OF RECTUM TREATED WITH 
S-FLUOROURACIL ALONE 


Dose of Drug 
(gm./davs) 


m———— REPRE ———————— ———————————ÁMÀ 


Patient Results* 


I 4.80/16 5 and O 
2 I4. Of 14 NI 

3 3.39/5 NI 

4 LOr 5 


* S—subjective improvement; O-—obiective improvement; 
Nl—no improvement, 

Again because of the extremely small number of patients, no 
correlation study was attempted and it may be seen that only 1 
of 4 patients had an objective response, 2 did not respond while 1 
subjectively felt better. 


against response. The values obtained 
were r=0.530; SE,=0.29; p=0.03. Posi- 
tive correlation does exist with a p value 
which ts significant. 

A Therapy Index was calculated (Table 
vit) by the simple addition of the radiation 
value and the drug dosage, and correlation 
was looked for between treatment and re- 
sponse in carcinoma of the stomach 
treated by a combination of drug and radia- 
tion. In view of the small number of pa- 


Tage VI 


CARCINOMA OF THE LARGE BOWEL TREATED 
WITH DRUG AND RADIATION THERAPY 


Daco Dag ionas 








Patient Galas) Strandqvist  Results* 
HE Percentile 
I 0.85/18 gi S and O 
2 743/92 66 O 
3 0.5/1 31 5 
4 26755 100 O 
5 6/30 65 Sand O 
6 4.85/36 48 NI 
7 3.5/11 83 NI 
8 6.6/105 RA NI 
9 2.0/9 98 NI 
10 20.2/18 8o S and O 
il 10.56/16 zm NI 
12 qup E $2 S and O 
5 "UE ts 48 NI 
14 13.95/180 98 S and O 
* S—subjective improvement; O--objective improvement; NI 


—no improvement, 
Statistics: r= 0.530; SEr= 0.29; p=0.03. 


548 
Tase VII 
CARCINOMA OF STOMACH TREATED 
WITH COMBINED THERAPY 
Dose of D Radiation as 
Patient fan fda D Strandqvist  Results* 
EUROS Percentile 
I 7.4/20 54 NI 
2 2.7/12 97 O 
3 3.845/51 83 S and O 
4 6.20/31 96 S and O 
5 4.0/35 88 S and O 
6 3.6/30 95 S and O 
7 4.2/35 94 S and O 
8 3.23/14 40 Ni 


*S—subjective improvement; O-—objective improvement; 
NI—no improvement. 


tients, it is merely concluded that 6 pa- 
tients showed objective response of tumor 
to treatment, while 2 of the 8 failed to re- 
spond. In addition, 5 of the 8 patients ex- 
perienced subjective palliation of pain. 

Table vim records the results of combina- 
tion therapy in 7 patients with carcinoma 
of the rectum. Four of the 7 patients had 
objective responses and another 4 of the 7 
received subjective benefit. The numbers 
are insufficient for a meaningful statistical 
analysis. 

The lowest blood cell counts recorded 
during the therapy, in those patients who 
responded best to the treatment in the en- 
tire study, are shown in Tables 1x, x and x1. 
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Tague VIII 


CARCINOMA OF RECTUM TREATED WITH COMBINATION 
OF DRUG AND RADIATION THERAPY 


l Naseer D Radiation as 
Patient RR x Strandqvist  Results* 
BD./C238/ Percentile 
I 6.5/98 100 NI 
2 3.0/40 66 S and O 
g 2.4/30 100 S and O 
4 1.5/3 53 O 
5 23.5/30 76 NI 
6 66/52 100 S 
" 410/8 86 S and O 


* S—subjective improvement; O-—objective improvement; 
NI—no improvement. 

When the figure for the drugs was added to the Strandqvist 
percentile and compared to result, it may be seen that 4 of 7 pa 
tients had objective responses and 4 of 7 patients benefited sub- 
jectively. 


TasLEÉ IX 


MARROW TOXICITY: RECTUM, SUBJECTIVE AND 
OBJECTIVE IMPROVEMENT PATIENTS 


Patient MR BI CP 

Lowest white blood 

cell count 2,300 4,200 2,100 
Lowest platelets 

(X 10!) 81 85 IOI 
Lowest hemoglobin 

(gm.) II.O 13.0 II.I 
Therapy* E RE RF 


* F—5-fluorouracil; RF—combined therapy. 


TABLE X 


MARROW TOXICITY: LARGE BOWEL, 
SUBJECTIVE AND OBJECTIVE IMPROVEMENT PATIENTS 


Patient WB MB CP KC WR BR EP JMK TM HP MC 

Lowest white blood 

cell count 2,300 5,400 3,200 3,000 3,400 3,000 3,200 2,500 1,000 5,400 1,400 
Lowest platelets 

(X 10) 96 185 98 IOO 30 106 96 150 180 180 
Lowest hemoglobin 11.4 10.6 11.6 — 10:2. II.I 10.6 9.6 13-6 II.8 11.6 

(gm.) 
Therapy* RF PE FE EF RF F RF REF RF F 


* |. — ;-Buorouracil; R—radiation; RF—combined therapy of radiation and 5-fluorouracil. 
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TaBLe XI 


MARROW TOXICITY: STOMACH, 
SUBJECTIVE AND OBJECTIVE IMPROVEMENT PATIENTS 


Patient LA WD 
Lowest white blood cell count 5,000 I,900 
Lowest platelets (X 10!) 13.6 9.5 
Therapy* F RE 


* F—s-fluorouracil; RF—combined therapy of radiation and 5-fluorouracil. 


It is seen that out of 21 patients with both 
objective and subjective improvement, 
only 4 did not show evidence of bone mar- 
row depression. However, none of the re- 
maining 17 patients showed clinical signs of 
platelet or white blood cell depression. 

This would suggest that the degree of de- 
pression can be controlled by careful ad- 
ministration of therapy and withdrawal of 
it at an appropriate time. To obtain a good 
response to therapy production of hazard- 
ous toxicity is not necessary. 

All patients in this series had varying 
degrees of gastrointestinal toxic symptoms 
(diarrhea, nausea, vomiting, stomatitis) 
but none of these were severe enough to 
necessitate permanent cessation of therapy. 

One further correlative study was carried 
out to confirm the amount of radiation 
required, in terms of Strandqvist ratios, in 
those patients who had the same chance of 
improving as a result of radiation therapy, 
whether given alone, or by a combination 
of drug and radiation. The purpose of this 
study is a simple comparison of the amount 
of radiation required for a given good re- 
sponse. For this purpose a "t" test was 
carried out between the amount of radia- 
tion when used alone in terms of the 
Strandqvist curve values, vs. radiation 
when combined with a drug. This test 
demonstrated a p value of 0.002. Thus it 1s 
shown that there is a significant difference 
between the amount of radiation actually 
delivered to the patient when a drug is 
added; this is probably related to the degree 
of patient tolerance to two "toxic" modali- 
ties of treatment. 
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JF EP AD WC IY 
4,300 3,350 3,500 5,600 6,500 
13.9 14.5 16:3 14.0 10.4 
RF F RF RE F 
DISCUSSION 


It has long been stated that some tumors 
are radiosensitive and others less so. The 
actual mechanisms involved in the phe- 
nomenon of sensitivity are incompletely 
understood, but are partly explicable in 
terms of enzymes generated by the cell 
itself during healing or recovery. The fact 
that there exists a positive relationship of 
correlation between dose and response 
when radiation is measured as Strandqvist 
ratios, rather than daily roentgen dosage, 
underlies an interesting fact that may be of 
clinical use when radiation therapists are 
referring to the amount of treatment actu- 
ally given. Whether or not "sufficient" 
radiation has been delivered to a given 
tumor mass may more logically be ex- 
pressed in terms of whether the ideal 
Strandqvist curve has been attained for a 
given volume field. 

The fact that the statistical values 
proved significant for 5-fluorouracil therapy 
in carcinoma of the colon is also interesting 
in that colonic tumors are those which 
other studies have shown to be most 
amenable to treatment by this compound. 
The figures for stomach and rectum are too 
small for statistical analysis but the results 
appear to be encouraging with drug treat- 
ment in the stomach, but disappointing in 
rectal lesions. 

The response achieved with combined 
radiation and 54-fluorouracil in colonic 
lesions is analyzed as being due to additive 
efficacy, but not synergism. There is no 
evidence from this study that results are 
better when drugs are used in combination 
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with radiation therapy; but we do suggest 
that when combination therapy is per- 
formed a good response is not jeopardized. 
It may be quite justifiable to add drugs to 
radiation when the amount of radiation has 
to be kept low (below ideal Strandqvist 
values) because of large field size, or where 
lesions are known to exist outside of this 
field and are thus not treatable by radiation 
therapy. 

In general, the two forms of treatment 
can be combined without undue discomfort 
to the patient with the exception of the 
occasional one who develops diarrhea. In 
such a case one of the two modalities should 
be stopped, at least for a time; in our center 
usually the drug dosage 1s lowered or the 
drug discontinued to allow the patient's 
bowel function to return to normal. The 
same may be said concerning hematologic 
toxicity: the drug dosage is lowered or 
stopped if necessary to allow continuation 
of the radiotherapeutic management, but 
at the earliest opportunity is restarted in 
cautious amounts. It is hoped that this pre- 
liminary study may interest others to com- 
pile data of the same type so that definite 
conclusions can be made as to the actual 
worth of combination therapy in patients 
suffering from gastrointestinal malig- 
nancies. 


SUMMARY 


A series of patients with gastrointestinal 
malignancies have been studied from the 
viewpoint of evaluation of response to 
radiation, chemotherapy, and a combina- 
tion of the two modalities. Evidence is pre- 
sented to show that: 

(1) There is a direct relationship be- 
tween the amount of radiation delivered 
and tolerated and the response of the 
tumor itself. Radiation is best understood 
in terms of the Strandqvist curve relation- 
ships. A Strandqvist ratio is defined as 
that percentile level towards the ideal 
curve that has been attained for a specific 
patient. 

(2) Combination of 5-fluorouracil and 
ionizing radiation produces the same re- 
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sponse as radiation alone, provided the 
radiation 1s given in a sufficient amount. If 
not, the drug can act as a useful additive. 

(3) The amount of radiation delivered 1s 
significantly less in those patients where 
drugs are employed in combination. The 
end results, however, demonstrate that 
addition of the drug to a lowered ra- 
diation dosage does not jeopardize the 
chance of the patient gaining a good result. 
Indications for combined therapy include 
patients where the field size is such that 
ideal Strandqvist values are difficult to 
achieve or in those patients where there 1s 
known disease outside the field of radiation. 

(4) Responses have been measured in 
both subjective and objective categories; 
the majority of patients who feel better, do, 
in fact, show objective changes in tumor 
growth patterns. Anticancer treatments 
rarely make a patient feel better in a non- 
specific manner. 


I. W. D. Henderson, M.D. 
University Surgical Clinic 
Montreal General Hospital 
Montreal 25, Quebec 
Canada 
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INTRA-ARTERIAL IRRADIATION OF CARCINOID 
TUMORS OF THE LIVER* 
By NORMAN SIMON, M.D.,t RICHARD R. P. WARNER, M.D.,t MURRAY G. BARON, M.D.,§ 
and AMIEL Z. RUDAVSKY, M.D.|| 


NEW YORK, NEW YORK 


HE aim of radiotherapy is to treat 

tumor and spare normal tissue. If the 
tumor is more vascular than the normal 
tissue around 1t, it should be possible to ir- 
radiate the tumor preferentially by the in- 
tra-arterial injection of radioactive mate- 
rial. Carcinoid tumor of the liver is such a 
lesion, and we have selected this tumor for 
evaluation of the effect of injection of 
yttrium go in microspheres into the hepatic 
artery in § patients. 

Carcinoid tumors are not common, and 
the occurrence of carcinoid metastases of 
size and function sufficient to produce the 
carcinoid syndrome 1s rare. This syndrome 
causes bizarre manifestations and dramatic 
symptoms. It is initially difficult to diag- 
nose and the syndrome may last for years. 
Many aspects of the carcinoid syndrome 
have been reviewed in detail in the litera- 
ture recently. Twenty-four patients with 
this disease are under study by one of us 
(RRPW) at The Mount Sinai Hospital in 
New York. In this series the syndrome of 
carcinoid manifestations has included: (1) 
vasomotor (cutaneous flushes, hypotensive 
crisis, renal failure); (2) gastrointestinal 
(diarrhea, cramps, vomiting, hypokalemia, 
malabsorption); (3) respiratory (broncho- 
constriction); (4) cardiac (congestive heart 
failure, endocardial and valvular lesions); 
and (5) cutaneous (telangiectasia, pellagra, 
edema) changes. 

In this disease the functioning tumor tis- 
sue produces large amounts of serotonin 
and vasoactive kinin peptides (bradykinin) 


which it releases into the circulation. Most 
of the manifestations of the syndrome are 
attributed to the pharmacologically potent 
effects of these substances. In rare cases, 
excesses of histamine are also found in the 
blood and urine. 

Dietary tryptophan is the basic precur- 
sor from which the tumor forms serotonin. 
Tryptophan is to a large extent diverted 
from its normal metabolic pathways by the 
functioning tumor, hydroxylated to form 
s-hydroxytryptophan, which is then con- 
verted into serotonin. This active amine is 
in turn largely converted to the pharmaco- 
logically inert metabolite 5-hydroxyindole- 
acetic acid (s-HIAA) and excreted in the 
urine where, in carcinoid syndrome, it is 
almost invariably found in markedly in- 
creased amount. 

Unlike circulating levels of bradykinin, 
blood levels of serotonin and urine levels 
of s-HIAA have correlated poorly with 
flushing attacks and other manifestations 
of the syndrome. However, in each indi- 
vidual case, progressive improvement or 
worsening over periods of several weeks or 
months appear to be associated respectively 
with decline or increase in serotonin and 
5-HIAA values. 

The liver is the most frequent site of 
distant metastasis from an intestinal pri- 
mary of carcinoid tumor. These metastases 
are slow growing and slow developing. They 
may be solitary, but usually they are multi- 
nodular. 

The roentgen characteristics of the liver 
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metastases suggest that these tumors can 
be differentially irradiated via their arterial 
supply. Selective hepatic artery angiog- 
raphy shows relatively dense opacification 
of the metastatic tumors in the liver, and 
the masses are usually round, regular in 
border, and displace rather than invade the 
normal vascularity of the liver. When 
tumors are large, several cm. in diameter, 
their centers fail to opacify, the appearance 
being doughnut-like due to necrosis or 
avascularity of the center of the large 
metastasis. lhere may be a persistent 
stain on roentgenograms made late after 
injection of radiopaque material, and some- 
times there are bizarre vessels within the 
lesion. We found no evidence of arteriove- 
nous shunting within the tumors, and the 
hepatic venous drainage of the lesions was 
never visualized. 

In a conventional hepatic scintiscan 
made after the intravenous injection of 
gold (Au???) chloride colloid, the metastases 
appear as zones of decreased activity. This 
relative absence of radioactivity in the 
tumor indicates an absence of reticuloendo- 
thelial tissue in these masses. The gold 
scan correlates well with arteriographic 
findings. 

Arteriography was performed by selec- 
tive catheterization of the hepatic artery 
percutaneously through the axillary or 
femoral artery. In one instance, the cathe- 
terization was done at laparotomy through 
the left gastric artery. 

The radiosensitivity of carcinoid tumor 
is low. The tumor is unusual, and no single 
experience is sufficient to determine its re- 
sponse to radiation.! At the same time, the 
symptoms, the carcinoid attacks, are so 
dramatic that a decrease in these attacks 
can be detected readily. Indeed, in one of 
our patients, decrease in the severity and 
frequency of carcinoid attacks followed ex- 
ternal cobalt 60 teletherapy of a massive 
tumor of the liver. 

For the intra-arterial irradiation of 
carcinoid tumors of the liver, we used 
carbonized microspheres* with beta emit- 


* Minnesota Mining and Manufacturing Company, St. Paul, 
Minnesota, 
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ting yttrium 9o incorporated within the 
microspheres. Yttrium go emits a beta par- 
ticle with a maximum energy of 2 mev., and 
its half life is 2.6 days. The microspheres 
were I5 microns in diameter, and they were 
suspended in dextran. 


TECHNIQUES OF INJECTION 


Percutaneous catheterization of the 
hepatic artery under fluoroscopic image in- 
tensification control was made by the 
Seldinger technique through an axillary or 
femoral artery. Once the catheter was in the 
celiac artery, 35 ml. of renografin 76 was 
injected with a pressure syringe. Serial 
roentgenograms were obtained to map out 
the vascular anatomy of the upper ab- 
dominal viscera. The catheter was then 
manipulated into the main hepatic artery 
or into its branches which perfused the 
hepatic metastases, Angiography was per- 
formed to confirm the position of the cathe- 
ter and to be sure that only the liver was 
being perfused. The suspension of Y” was 
then mixed with renografin to make it 
radiopaque as it was slowly injected into 
the hepatic artery under fluoroscopic con- 
trol. This slow injection is important to 
prevent reflux of the Y?" in the hepatic 
artery back into the celiac artery. A repeat 
angiogram was obtained directly after the 
injection of the isotope to confirm that the 
catheter had not moved. 

Bremsstrahlung scans of the liver were 
made after the procedure to show the dis- 
tribution of the radioactivity within the 
liver. In a previous report, we demon- 
strated the feasibility of using Brems- 
strahlung scans to detect the presence of 
the beta emitting yttrium 9o, and we have 
also shown that these scans can be used for 
aid in dosimetry.* 4.5. 

The Bremsstrahlung scans are made of 
the lungs as well, to search for evidence of 
“leakage” of the isotope through the liver 
or tumor into the general circulation. Al- 
though such leakage does occur when the 
arterial vessels of some other organs are 
injected, no Y?? is detectable in the lung 
after the injections of microspheres of Y” 
into the hepatic artery. 
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COMPLICATIONS AND DIFFICULTIES 


The main technical problems in the 
procedure are the catheterization of the 
hepatic artery or its branches and the 
avoidance of injecting radioactive material 
into normal tissues. If the Y* enters the 
wrong vessel, its presence in another organ 
can be determined by Bremsstrahlung scan- 
ning. In this respect, there is considerably 
more information on the distribution of 
radioactive isotopes than is available in the 
case of similar procedures using chemo- 
therapeutic agents administered intra-arte- 
rially. At times it is technically difficult to 
get into the proper artery, but only once in 
our series were we completely unable to 
enter the hepatic artery. If catheterization 
is done at laparotomy, there should be more 
control of the exact distribution of the iso- 
tope. Before injection of radioactive mate- 
rial, the distribution of the vasculature can 
be evaluated by injecting fluorescent dye, 
and undesired arteries can be temporarily 
clamped off. However, in our experience, 
percutaneous catheterization of the hepatic 
arteries is more effective, easier on the pa- 
tient, less complicated and safer 1f all pre- 
cautionary techniques are exerted. 

Maldistribution of the radioactive mate- 
rial is possible, and unintentional irradia- 
tion of the stomach has occurred in 2 of our 
cases. Ín one instance this developed at 
laparotomy, probably because one or more 
branches of the injected artery were not 
visualized. The second case occurred fol- 
lowing percutaneous catheterization be- 
cause the tip of the catheter moved be- 
tween the time of the angiogram and the 
actual injection of Y°. In this instance a 
large dose of radiation was administered 
to the lesser curvature of the stomach re- 
sulting in a huge flat ulceration (Case m1). 


REPORT OF CASES 


Case 1. The Mount Sinai Hospital #326958 
(MA). A 67 year old businessman had had a 
carcinoid tumor of the small bowel and root of 
the mesentery 2 years previously. At operation, 
nodules were palpated in the liver. Episodes of 
carcinoid attacks including flushes, diarrhea 
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and prostration were treated by opiates, chlor- 
promazine, potassium and methysergide. After 
treatment, the carcinoid attacks were less fre- 
quent and less severe, but the relief was only 
temporary. On the return of the severe attacks, 
the patient was admitted to The Mount Sinai 
Hospital in June, 1966, for intra-arterial ir- 
radiation. A preliminary liver scan with gold 
(Aut?) colloid showed several large “cold” 
areas in the liver, indicating metastases. A 
common hepatic arteriogram was obtained by 
passing a catheter percutaneously through the 
left axillary artery. Opacification of the common 
hepatic artery and liver showed multiple 
round tumor strains, varying from I cm. to 5 
cm. in diameter. The larger masses had avas- 
cular or necrotic centers. 

After arteriography had shown the catheter 
to lie in the desired common hepatic artery, a 
3 ml. suspension of plastic microspheres con- 
taining 15 mc of Y°* was injected into the 
catheter. The catheter was then removed, and 
manual compression on the left axillary artery 
was maintained for 20 minutes. The following 
day, a Bremsstrahlung scan of the liver showed 
the radiation restricted to the liver; the me- 
tastases had relatively increased uptake of the 
intra-arterially injected Y”. 

The patient tolerated the procedure well, 
and he was discharged on the day following the 
injection. His carcinoid attacks again subsided 
in severity about one week later. The dose of 
radiation to the liver from the 15 mc of Y* 
was estimated to be 2,500 rads (Fig. 1). 

Six months later (January, 1967), the patient 
developed severe lower abdominal pain and 
recurrent flushing which were considered due to 
regrowth of tumor with retroperitoneal lymph 
node involvement. The lower abdomen was 
treated with external radiation by moving- 
strip cobalt 60 teletherapy,’ but the pain and 
the flushing were unrelieved. 


Comment. The dose of radiation by intra- 
arterial Y°”? was limited to 2,500 rads, and 
this dose resulted in definite decrease in the 
severity and frequency of the carcinoid at- 
tacks for 6 months. 


Case m. The Mount Sinai Hospital #246155 
(SS). A 59 year old housewife had a known ab- 
dominal carcinoid tumor for more than 4 years 
during which time she had weight loss and fre- 
quent episodes of flushing and diarrhea. In 1961, 
a needle biopsy of a liver mass revealed car- 
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Fic. 1. Yttrium go dosimetry. Dose of radiation 
absorbed in liver after intra-arterial injection of 
microspheres containing Y? is determined by the 
formula: 


Dn -— 73.8CEsnT, 


where Dp dose from beta particles, C = concen- 
tration of isotope in microcuries per gram, £gs- 
average energy of beta particle (0.93 mev. for Y*°) 
and T — half life in days (2.6 for Y?9). The formula 
assumes even distribution of the isotope and no 
leakage of microspheres from the liver. The weight 
of the normal liver is assumed to be 1,500 grams. 


cinoid tumor. In 1964 at laparotomy, a catheter 
was inserted into the common hepatic artery, 
and it remained in place for 5 months while 
¿FU and later sFUdR were administered by 
constant intra-arterial infusion via a minla- 
turized portable pump. The palpable masses 
decreased in size and her symptoms improved, 
but the catheter broke and retracted into the 
abdomen terminating the treatment. When the 
liver again enlarged, external cobalt 60 tele- 
therapy was administered anteriorly to the 
right lobe of the liver through a 12X12 cm. 
portal for a dose of 3,000 rads. The mass ap- 
peared to shrink from this treatment also, but 
the liver again enlarged, and the carcinoid at- 
tacks became more severe. She was admitted 
to The Mount Sinai Hospital on February 9, 
1966, for intra-arterial irradiation. A gold 
(Aw?) colloid scan of the liver showed huge 
“cold” areas in the right lobe. A catheter was 
inserted into the right hepatic artery via a 
percutaneous left axillary artery puncture. 
After the arteriogram showed the catheter to 
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lie in the right hepatic artery, so me Y?! in 
plastic microspheres was injected into the liver, 
A subsequent Bremsstrahlung scan showed in- 
creased uptake of the isotope in the large 
metastases previously demonstrated as voids 
in the gold scan. No activity was detected over 
the left lobe of the liver. 

Directly following the intra-arterial injection 
of Y”, the patient had exacerbation of her 
carcinoid symptoms, but these subsided in about 
t week, and the patient went on to an even 
more satisfactory response than she had experi- 
enced with the previous intra-arterial chemo- 
therapy. The estimated weight of the portion of 
the liver injected with Y* was 3,000 gm. The 
dose to the liver from the co mc of Y% was 
3,100 rads (Fig. 1). 

About 10 months later (January 1967), the 
masses rapidly increased in size again and the 
carcinoid symptoms returned to their former 
severity. On February 16, 1967, the right hepat- 
ic artery was once more catheterized percu- 
taneously. Angiography demonstrated the met- 
astatic deposits in the liver, and 40 mc of Y? 
was injected into the right hepatic artery. There 
were 2,300,000 microspheres per ml., and 4 ml. 
were injected (10. mc Y?! per ml.). The esti- 
mated dose to the liver was 2,500 rads. The 
patient tolerated the procedure well and a 
Bremsstrahlung scan of the liver showed the 
activity in the right lobe. Again the patient 
had early exacerbation of her symptoms, fol. 
lowed by 6 months of remission. "Thereafter, 
carcinoid attacks of great severity recurred, 
and, after 3 months, she succumbed to acute 
renal insufficiency due to a prolonged hypoten. 
sive crisis during a severe carcinoid attack, 


Comment. The symptoms of carcinoid in 
this patient were relieved by intra-arterial 
chemotherapy administered over a § month 
period, but they were similarly relieved by 
the simpler process of a single intra-arterial 
injection of Y**, Also, in the radiation pro- 
cedure, the isotope was injected percutane- 
ously; an exploratory laparotomy was not 
required. 


Case nir, The Mount Sinai Hospital #285388 
(HB). This 46 year old woman had a transverse 
colectomy 4 years previously for adenocar- 
cinoma of the transverse colon, and carcinoid 
metastases from an undetermined primary 
lesion were surprisingly encountered in the 
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bic, 2, Case tit. (4) Scintiscan of liver using gold (Au) colloid showing voids or "cold" areas representing 
the carcinoid metastases. (B) Bremsstrahlung scan showing the distribution of the Y after injection into 
the right hepatic artery. The hypervascular carcinoid deposits are "hot" containing more of the Y*9 than 
normal hepatic tissue. It is of interest that the left lobe of the liver contains no detectable Y”. (C) Brems- 
strahlung scan of liver following second procedure shows activity localized on the left, the Y” having been 
injected unintentionally into the left hepatic and left gastric arteries. (4 and B reproduced by permission 
from Radiology.) 
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liver. One year previously (June, 1965), intra- 
arterial ;FU was injected into the hepatic 
artery for 5 days, but the patient went into 
profound shock and this therapy had to be 
stopped. After several weeks of severe exacer- 
bation of carcinoid attacks, she had considerable 
improvement with shrinkage of her liver which 
lasted about g months. In June, 1966, her at- 
tacks and congestive heart failure from car- 
cinoid (tricuspid insufficiency) heart disease 
became so severe that she was admitted to The 
Mount Sinai Hospital for intra-arterial cathe- 
terization with Y**, Through a percutaneously 
placed right hepatic artery catheter, 33 me of 
Y% was injected into the right lobe of the liver, 
after a gold scan (Fig. 2, 4 and B) showed huge 
masses. Estimating the weight of the liver con- 
taining the Y?* to be 2,000 gm., the radiation 
dose was 3,000 rads. No beneficial effect was ob- 
tained, and the patient's general condition was 
worsening critically, Two months later (Sep- 
tember 1966) the procedure was repeated, this 
time with the injection of 40 mc of Y?*, again 
presumably into the right hepatic artery. How- 
ever, a Bremsstrahlung scan following this 
procedure showed the activity to be localized 
on the left (Fig. 2C); the radioactive material 
had been injected unintentionally into the left 
hepatic and left gastric arteries, rather than 
into the right hepatic artery. The stomach re- 
ceived an estimated dose of several thousand 
rads along its lesser curvature, and roentgeno- 
graphic examination of the stomach showed a 
large Hat ulceration along the distribution of 
the activity in the Bremsstrahlung scan and, 
correspondingly, along the course of the left 
gastric artery (Fig. 2D). The patient's course 
was rapidly downhill, with severe abdominal 
pain, vomiting, occasional hematemesis, in- 
tractable heart failure and continued carcinoid 
attacks. 

Comment. Despite care, it is possible for 
the catheter to be displaced between the 
time of developing the rapid-sequence ar- 
teriograms and the injection of the Y**, In 
this instance, in the second procedure, the 
angiogram had demonstrated filling of the 
right hepatic artery, but after the injection 
of Y, the Bremsstrahlung scan showed the 
radioactive material to be in the left side of 
the liver and the stomach. The branches of 
the celiac axis are varied, and these an. 
atomic variations require utmost care in 
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Fic. 2. (D) Large ulcer of the lesser curvature of the 
stomach, probably due to microspheres containing 


Y in the distribution of the left gastric artery. 


prevention of moving a well placed catheter 
while awaiting successive steps in this intra- 
arterial procedure. This is especially true 
when the liver is greatly enlarged as the 
arterial branches are then displaced and 
distorted and may be difficult to identify. 


The large ulcer in the lesser curvature of 


the stomach was most likely induced by 
the radiation, although some observers 
have proposed that it mav represent a 
"shock" ulcer. Now, in order to avoid in- 


jection of the radioisotope into the wrong 


artery, we mix the microspheres with the 
radiopaque contrast material, and we 
watch the flow of the mixture fluoroscopi- 
cally. In this way we hope to stop the injec- 
tion promptly if the flow is not in the in- 
tended arterv. 

Case 1v, The Mount Sina: Hospital #407526 
(SB). A tg year old premedical student had 
been having episodes of warm feelings and 
facial flushing for 3 years. More recently he 
experienced attacks of palpitation, actual svn. 
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cope and constricted breathing and weight loss. — 7, 1967, a catheter was introduced percutane- 
He was diagnosed as having carcinoid syndrome — ously via the right axillary artery and advanced 
at the Long Island Jewish Hospital, and a gold into the right hepatic artery. An arteriogram 
scan there (Fig. 3-7) showed metastases in the verihed the presence of multinodular hyper- 
liver. At The Mount Sinai Hospital on March vascular metastases in the right lobe of the 





hic. 3. Case iv. (A Aut? scintiscan of the liver showing a large "cold" area in the right lobe of liver, suggest- 
ing the presence of a large carcinoid tumor metastasis in this portion of the liver. Scintiscan made with 
data-blending technique at the Long Island Jewish Hospital, New York. (B) Arteriogram in the late phase 
made with opaque medium injected through a catheter whose tip lies in the right hepatic arterv. The 
catheter was introduced percutaneously via the left axillary artery. There are numerous hypervascular 
metastases grouped around a single large tumor whose center is necrotic, a finding often seen in carcinoid 
tumor metastatic to the liver. This arterrogram verified the position of the catheter to be correct for the 
injection of Y?* into the right hepatic artery. (C) Bremsstrahlung scan of liver after injection of Y*9 into 
nght hepatic artery sh 


ows satisfactory concentration of isotope in region of metastases in the right lobe 
of the liver. 


liver, the largest about 6 cm. in. diameter 
(Fig. 3B). 

Following the arteriogram, 30 mc of Y** in 
plastic microspheres suspended in 4 ml. of 
dextran solution was injected into the hepatic 
artery. A Bremsstrahlung scan verified the lo- 
cation of the activity in the right lobe of the 
liver and showed increased uptake of the Y” 
in the actual metastases as compared with 
adjacent liver (Fig. 5C). The day after the 
procedure, the patient was discharged from the 
hospital to go back to college, without side ef- 
fects. Since discharge his course has been 
smooth with improvement in symptoms and 
weight gain. His blood cell count remained 
normal, 


Comment. When a patient is in relatively 
good general condition, this procedure of 
hepatic arteriography and injection of Y? 
in plastic microspheres is well tolerated 
and without significant morbidity. 


Case v. The Mount Sinai Hospital #349496 
(CS). A 40 year old single woman had had 
flushing attacks from early childhood. Her 
elevated blood serotonin levels and increased 
urinary ;-HIAA indicated the diagnosis of car- 
cinoid svndrome, but no actual deposit. of 
tumor was known until recently, when a gold 
scan of the liver suggested the presence of 
metastases. Abdominal exploration was de- 
cided upon to provide a tissue diagnosis and to 
determine the extent and sites if involvement. 
On January 23, 1967, surgical exploration re- 
vealed numerous yellow, firm nodules on the 
surface of the liver, varying in size from a few 
mm. to 2 cm. in diameter. In addition, mul- 
tiple masses of carcinoid tumor were found in 
the ovaries and in the mesentery near the ap- 
pendix, all of which were resected. A catheter 
was then inserted into the right gastroepiploic 
artery and advanced into the hepatic artery. In- 
jection of fluorescein into the catheter and in- 
spection under ultraviolet light showed yellow 
Huorescence of the surface of the liver, and the 
position of the catheter was presumably sat- 
isfactorv for the intra-arterial injection of Y°. 
Tiny 1X6 mm. cylindrical dosimeters of lith- 
ium fluoride in teflon were inserted into repre- 
sentative portions of normal liver and me- 
tastases to determine the relative dose 1n tumor 
and normal liver (Fig. 4). The 2.2 ml. of mi- 
crospheres containing 22 mc of Y°* were in- 
jected into the liver for a planned dose of 3,000 
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rads. The LiF dosimeters in the normal liver 
and in the metastases indicated that the dose 
of radiation in the tumors was about twice the 
dose in the normal liver. 

Bremsstrahlung scan of the liver postoper- 
atively showed considerably more uptake in the 
left lobe of the liver and stomach than was 
predicted or anticipated from the visualized 
Huorescence at operation. Subsequently, the 
patient developed gastric symptoms, and roent- 
genographic signs suggested significant irradia- 
tion of the stomach. Three months following 
surgery the patient died from massive upper 
gastrointestinal hemorrhage. Autopsy was not 
performed. 





Fic. 4. Case v. At laparotomy lithium fluoride dosim- 


eters* were inserted into normal liver and tumor. 
The hollow needle (A) used to insert the plastic 
sheathed dosimeters (B) is shown. Dosimeters 
within tumor nodules (C) received about twice the 
dose received by dosimeters within normal liver 
tissue. The dosimeters remained in the tissue for 
almost 1 hour after the Y” had been injected into 
the hepatic artery. 


* Controls for Radiation, Incorporated, Cambridge, Massa- 
chusetts. 
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Comment. In our series, this is the only 
liver we have injected at open operation. It 
was technically more difficult to catheterize 
the hepatic artery under direct inspection 
and palpation than percutaneously. Also, 
radioactive material did not distribute it- 
self in exactly the same pattern as the 
fluorescence. In the evaluation of the dis- 
tribution of an injection into the hepatic 
artery, observation of fluorescence under 
ultraviolet light seems less exact than scan- 
ning the distribution of injected Y”, 


DISCUSSION 


Selective catheterization and angiog- 
raphy of the hepatic artery are procedures 
with little morbidity, and they provide 
both diagnostic information and a pathway 
for therapy. Tumors of the liver can be 
diagnosed by arteriography, and can be 
treated with intra-arterially injected radio- 
active material as part of the same proce- 
dure. Carcinoid tumors causing the car- 
cinoid syndrome are peculiarly suited to 
this therapeutic approach, for they fre- 
quently metastasize to the liver.? They do 
not respond well to any known treatment 
and are ultimately fatal. Furthermore, 
therapy in these cases is realistically in- 
tended to impair function. (humoral pro- 
duction) of the tumors and thereby palliate. 
It is futile to attempt total obliteration of 
the neoplasm. The palliative approach is 
logical since most patients with carcinoid 
syndrome eventually die from some com- 
plication of the pharmacologic activity of 
these slow growing tumors rather than di- 
rectly from the growth and spread of the 
tumor itself. The carcinoid syndrome and a 
positive gold scan of the liver are adequate 
guides to the diagnosis of carcinoid tumor 
of the liver. Although the carcinoid tumor 
itself is not highly responsive to irradiation, 
our experience with intra-arterial irradia- 
tion indicates that the serious signs and 
symptoms of this disease can be palliated 
with little morbidity when the radioactive 
material is injected into the liver only, with 
none reaching the stomach. The pitfalls re- 
lated to technique must be avoided to make 
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sure the radiation only affects the desired 
tissue. Scanning of Bremsstrahlung is an 
adequate measure for localizing the distri- 
bution of the isotope, but it is a slow process 
(hours) as performed with a conventional 
rectilinear scanner. Therefore, we only 
made Bremsstrahlung scannings after the 
procedure was completed. It would be of 
advantage to use a rapid imaging device, 
such as a gamma camera, to show the dis- 
tribution of a preliminary injection of a 
smaller than therapeutic amount of Y®, or 
a test amount of a gamma emitter, before 
injecting the final and complete dose of Y”. 
It is also prudent to keep dose levels low 
until better understanding of dosimetry 
and effect of radiation on the liver is 
achieved. 


DOSIMETRY 


For practical purposes, we assume that 
the intra-arterially injected beta emitter is 
distributed evenly throughout the liver and 
estimate the dose by the formula: 


Dn = 73.8 CEgT, 


where Ds-dose from beta particles, 
C= concentration of isotope in microcuries 
per gram, Eg-average energy of beta 
particle (0.93 mev. for Y*9), and T=half 
life in days (2.6 for Y?9), For convenience, 
the dose in rads for estimated tissue weights 
is shown in Figure 1. Another source of er- 
ror in this dose determination is in the esti- 
mation of the weight of the tissue, the liver 
in this instance. 

Because of these difficulties we have at- 
tempted to determine the dose with direct 
measurements. In Case v LiF dosimeters in 
the liver indicated doses within the tumor 
to be about twice the dose in the normal 
liver tissue. Samples of liver were removed 
for assay in a well counter and these showed 
doses of 1,700 rads in liver and 4,200 rads in 
tumor. The inhomogeneity of dose in tumor 
and normal liver may provide us with a 
significant safety factor, for there appears 
to be an appreciable preferential “uptake” 
of radioactivity in carcinoid tumors in 
comparison with normal liver. 
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SUMMARY 


We have treated 5 patients with func- 
tioning carcinoid tumors of the liver by in- 
jecting Y? in microspheres into the hepatic 
artery. This procedure has low morbidity, 
if extreme care is taken and there is no 
spillage of the injected material into the 
arteries of adjacent organs. 

Palliation of the severe manifestations of 
the carcinoid syndrome follows this treat- 
ment and makes the therapy worthwhile. 


Norman Simon, M.D. 
945 Fifth Avenue 
New York, New York 10021 


The authors thank the late Sergei Feitel- 
berg, M.D., Physicist, The Mount Sinai 
Hospital, New York for his guidance in 
dosage determinations. 

Thanks to Albert Cornell, M.D. for 
Case v whom he initially diagnosed and 
referred to the study group. 
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GUIDED PERCUTANEOUS ARTERIAL 
INFUSION CHEMOTHERAPY* 


By JOSEPH L. CURRY, M.D., and WILLARD J. HOWLAND, M.D. 


WHEELING, WEST VIRGINIA 


HIS communication describes a per- 

cutaneous catheter technique for arte- 
rial chemotherapy of tumors of diverse an- 
atomic location. It is based upon a limited 
but continuous series of 12 adult patients. 
By this method, catheter exploration an- 
giographically locates the optimum posi- 
tion for tumor infusion and a carotid or 
axillary insertion site permits patient am- 
bulation (Fig. 1). It is not the intention 
of the authors to evaluate the pharma- 


J 





Fic. t. Schematic diagram illustrating percutaneous 
catheter transcarotid approach to selective arterial 
infusion chemotherapy of an abdominal neoplasm. 


cologic results of chemotherapeutic agents 
used. 

In common practice, arterial infusion 
chemotherapy has been accomplished by in- 
serting tiny catheters into selected arteries 
which have been exposed at surgery.! ?: 9/55 
Adequacy of tumor perfusion is then esti- 
mated by the appearance of fluoroscein or 
methvlene blue injected into the tumor 
area through the catheter.??:5 Investiga- 
tors who advocate the surgical approach ex- 
press the opinion that angiography may 
be helpful but is not as direct evidence of 
adequate perfusion of the tumor as are dye 
tests. However, it appears that the use of 
tiny catheters such as PE-£o and. PE-90, in- 
serted at open surgery,’ do not permit ade- 
quate angiography. This is primarily due to 
inadequate flow rate of the opaque medium 
through these small catheters. Moreover, 
with the dye injection method, only the 
surgically visible portion. of the tumor 
serves as a criterion for perfusion of the en- 
tire tumor mass. In addition, surgical isola- 
tion of tumor “‘feeder arteries" in large or 
extensive tumors may prove extremely 
dificult or impossible. Obstruction and 
displacement of tiny catheters, surgically 
placed, are also reported as a common prob- 
lem with the open surgical approach.* 

It has been cited that angiography does 
not always indicate the source of tumor 
blood supply, since a supply may be pro- 
vided by an artery which is not opacified by 
angiography.? This pitfall may be obviated 
by the use of preliminary aortography at 
the tumor area, as will be demonstrated 
later. Finally, evidence of significant tumor 
perfusion by adequate selective angiog- 
raphy would seem to be of practical 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D.C., September 26-29, 1967 


From the Department of Radiology, Ohio Valley General Hospital, Wheeling, West Virginia. 
} my * I 
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Fic. 2. 





Case 1. A 43 year old female with recurrent rectal carcinoma 2 years after abdominoperineal resec- 


tion. (4) Preliminary transfemoral catheter aortography at aortic arch level indicates that the right carotid 


artery (arrow) provides the most direct carotid route to the pelvis for insertion of "chemotherapy catheter." 
(B) Aortoiliac angiogram indicates arterial anatomy of pelvic vessels which will be angiographically ex- 


plored with the "chemotherapy catheter." 


clinical value in a technique which is gener- 
allv used for the palliation of malignant 
disease. 


This experience indicates that percutane- 
ous polyethylene catheters of moderate 
size* are well tolerated for a period of 2 to 3 
weeks. These catheters allow adequate 
angiography for the determination of the 
catheter position which produces optimum 
tumor perfusion. The same catheter may 
then be left in place for continuous infusion 
chemotherapy. A roentgenogram will sug- 
gest possible displacement of the catheter 
tip during therapy if this question arises. 
If in doubt, an injection of opaque medium 
through the catheter will indicate its 
exact position, 

The use of a carotid or axillary catheter 
insertion site allows comfortable patient 
ambulation during continuous arterial 
chemotherapy treatment. This report in- 
volves 8 carotid and 4 axillary percutane- 
ous arterial insertion sites. With one ex- 

* The B-D X .039 polyethylene catheter, I-D .039*, O-D 079" 


and the Cook polyethylene catheter, I-D .032*, O-D .o70", have 
proved highly efficient in this experience, 


ception, we have limited the carotid inser- 
tion site to younger patients (under the 
age of 4§ vears) because of the potential 
hazard of cerebral damage in older in- 
dividuals who may have a borderline 
cerebral circulation. However, in all cases, 
a preliminary catheter arch aortogram pro- 
vides a "road map” for selection of the 
most appropriate vessel for insertion of the 
"chemotherapy catheter." 


TECHNIQUE 


The technique consists of two basic 
steps: (1) Preliminary aortography; and 
(2) "chemotherapy catheter" insertion. 


1. Preliminary | aortography-—using a 
single transfemoral catheter in two 
locations: 

(A) At aortic arch level-—to evaluate 
arterial status and to select the 
appropriate carotid or axillary 
artery for insertion of the 
"chemotherapy catheter" (Fig. 


24-542 TA and $4). 
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Fic. 4. Case 1. (4) The “chemotherapy catheter” is secured to the neck by tying over an adhesive band. 
(B) A second adhesive band covers the first and immobilizes the tie suture. 


shoulder (axillary insertion) (Fig. 
4, 4 and B; and 7, D and £) and 
is then attached to an arterial 
pressure pack or pump for chemo- 
therapy. 


COMPLICATIONS 


In this series of 12 cases, a single case of 
cervical cellulitis complicated the carotid 
artery insertion area on the 6th day of 
chemotherapy. Chemotherapy was tem- 
porarily interrupted and, after 36 hours of 
antibiotics, the infection was controlled 
and chemotherapy was reinstituted. Dur- 
ing the febrile period, the catheter was 
kept patent with continuous slow saline 
pressure drip. Treatment was then con- 
tinued for an additional 16 days when 
chemotherapy was abandoned due to a 
progressing leukopenia. 

No thromboses or bleeding problems 
were encountered during therapy. Even 
though these catheters remained in the 
carotid or axillary puncture site for periods 
up to 21 days, moderate local pressure for 5 
to 10 minutes produced hemostasis after 
catheter withdrawal in all cases. In no in- 
stance was premature catheter removal 





necessary because of arterial complications 
or catheter occlusion. In all of these cases, 
the catheter was left in place until signs of 
systemic drug toxicity (principally leuko- 
penia) occurred. 

One case of right hemiplegia complicated 
withdrawal of a left carotid catheter in a 
43 vear old female but disappeared within 
1 hour, with no neurologic sequelae. On 
two occasions, catheter occlusion was sus- 
pected but slight movement of the catheter 
tip restored free flow of the infusate. Injec- 
tion of opaque medium at fluoroscopy in- 
dicated that the catheters had remained in 
proper position for tumor perfusion. 

No other complications were recognized 
in this experience. 

RESULTS 

All patients were relatively comfortable 
and ambulatory except the one described 
above, who encountered considerable dis- 
comfort over a 36 hour period due to a com- 
plicating cellulitis which developed near 
the catheter insertion site in the neck. The 
manner in which the catheters were im- 


mobilized allowed free motion (Fig. 4, 4 
and B: and 7, D and £). 


Y* 


urry and Willard J. 





* 


lowland 


566 Joseph L. 





ARCH, T1968 


ae Na 
OSs 


NS 


es 
ED 


: 
UAE 


ES x 


SUA SE 
Meise 
Henn 








Seco 














lic, 6. Case 1. LA and B) Tumor ve 
(arrows) 


ssel perfusion 


i C Prelim 1 | shown by selective “chemotherapy 
Fic. «. Case qt Preliminary transtemoral catheter catheter" angiography of the tight superior 
aortogram in year old male with chondro- 
sarcoma of the right ilium. G 


used gluteal artery. The catheter tip was left in this 
7) Arch aortogram 
indicates that the left carotid artery (arrow) is an 











€ 





"ES 
d 


á 
m 








| position and continuous infusion chemotherapy 
was administered for 17 day: 











appropriate insertion site for the "chemotherapy 
catheter" which will be passed down the aorta to 


3 


) 
the pelvis. (B) Aortoiliac angiogram showing pel- 
vic arterial anatomy. 
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Some authors favor the use of pumps to 
maintain pressure for arterial infusion 
chemotherapy.*? In this series, simple 
arterial pressure packs were used rather 
than pumps and seemed to function quite 
efficiently. 

Although it is not the intention of this 
communication to discuss clinical results of 
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chemotherapy, it is of interest that 4 pa- 
tients showed a clinically beneficial re- 
sponse to the infusion treatment. 


SUMMARY AND CONCLUSIONS 


(1) À percutaneous 


^ 


catheter technique 


for arterial infusion. chemotherapy 
is described. 





Fic, 7. Case ur A 63 vear old male with inoperable 
carcinoma of the sigmoid colon. (4) Preliminary 
transfemoral catheter arch aortogram indicates 
that the left axilary-subclavian approach (ar. 
rows) 1s appropriate for passage of "chemotherapy 
catheter" to the pelvis. (J and C) Tumor vessel 
perfusion 1s shown on selective inferior mesenteric 
angiograms using the "chemotherapy catheter." 
The catheter was then left in this position for 
chemotherapy. 
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Fic. 7. (D and E) A padded abduction splint is 
shown which partially immobilizes the arm and 
allows comfortable wide range of forearm motion. 
This catheter was left in place for 16 days with no 
patient discomfort, 


(2) Catheter exploration permits angio- 
graphic identification of arterial tu- 
mor “feeders” and the disadvantages 
of tiny catheters, inserted at open 
surgery, are obviated. 

3) The use of a carotid or axillary 
catheter insertion site permits com- 
fortable patient ambulation. 

(4) Experience gained in this small but 
continuous series of 12 adult pa- 
tients would seem to justify further 
investigation of this approach. 

Joseph L. Curry, MLD. 

Department of Radiology 

Warren Hospital 





puubssus Noe F arch aortography indicates anatomic status of 
l D i ' 3 carotid arteries and identifies position of external 
CCS carotids. (B) “Chemotherapy catheter" via left 

common carotid insertion in left external carotid 

Fic. 8. Case iv. A 78 vear old male with extensive artery perfuses the tumor areas which are hy- 
squamous cell carcinoma of floor of mouth and povascular. Chemotherapy perfusion was admin- 
submandibular areas, recurrent after radical sur- istered through this catheter for a period of 13 


gery I year previously. C7) Transtemoral catheter days. 
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PREOPERATIVE IRRADIATION WITH CYSTECTOMY 


By WILLET F. WHITMORE, Je., HARRY GRABSTALD, A. RANALD MACKENZIE, JOHN 
ISWARIAH and RALPH PHILLIPS 


NEW YORK, NEW YORK 


ee paper deals with certain aspects of 
a pilot study on the use of preoperative 
irradiation with cystectomy in the treat- 
ment of selected patients with bladder 
cancer, 


ASSESSMENT OF TUMOR 


Methods for the assessment of tumor- 
host relationships with the objective of ob- 
taining reliable indications of prognosis in 
the individual patient remain elusive. 

In this analysis, stage alone has been 
utilized to characterize the tumor. The 
Marshall? modification of the system de- 
scribed by Jewett and Strong! defines 7 
stages of bladder carcinoma (Fig. 1). Be- 
cause of the small number of cases, this 
system of staging has been simplified into 
three basic categories (Fig. 2). Justification 
for this simplification is derived from the 
observation both in autopsy and clinical 
studies that "superficial" or “low stage" 
tumors are associated with regional lymph 
node metastasis in approximately 4$ per 
cent of cases, whereas "deep" or "high 
stage" tumors are associated with lymph 
node metastasis in about 40 per cent of 


cases. Experience has demonstrated a poor 
prognosis for patients whose bladder 


tumors have invaded organs adjacent to the 
bladder (e.g. vagina, prostate, seminal 
vesicle, uterus), whether or not lymph node 
metastasis has occurred concurrently: 
tumors of such extent are accordingly 
placed in the "metastatic" category along 
with those in which lymph node or other 
metastases have been demonstrated. 
The preoperative c/inical estimate of the 
stage of the tumor derived from careful 


cystoscopy, bimanual examination and 
biopsy under anesthesia and from the ad- 
junctive use of intravenous pyelography 
agrees with the pathologic extent of the 
cancer determined by examination of the 
cystectomy specimen approximately 80 
per cent of the time, relative to whether the 
tumor is of superficial or deep stage. The 
greater error is in underestimating rather 
than in overestimating the extent of the 
lesion. Analysis of the accuracy of clinical 
staging in predicting pathologic extent of 
the tumor from year to year over the past 
1§ years does not indicate significant 
change. 


SELECTION OF PATIENTS 
Preoperative radiation therapy was 


planned for all patients in whom cystec- 
tomy was recommended excepting those 
patients referred for cystectomy as radia- 
tion therapy failures. 

In general, patients were selected for 
cystectomy for one of the following basic 
clinical situations: (1) Multiple low stage 
carcinomas, either initially too extensive 
for conservative treatment, or too rapidly 
recurrent after conservative treatment for 
further conservative efforts, or repeatedly 
recurrent following conservative surgical 
efforts-—particularlv if the lesions were of 
high grade either initially or subsequently; 
(2) Aigh stage tumors not suitable for seg- 
mental resection, either by virtue of a his- 
tory of prior tumor elsewhere in the blad- 
der, or by reason of multiplicity, or by rea- 
son of proximity to the bladder neck. In the 
latter regard, a tumor situated 2 cm. or less 
from the bladder neck was categorically 
judged unsuitable for segmental resection. 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 


Part of Symposium: Cancer of the Bladder. 
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Fic. 1. The seven possible stages of bladder cancer. The clinical and pathologic equivalents of the Jewett and 


the U. 1. C. C. (Unio International is Contra Cancrum) systems of staging are indicated. 


METHOD OF TREATMENT TU MO N STA GE 


The irradiation plan was to administer 
44000 rads to the bladder and true pelvis by 
supervoltage in a period of 4 weeks, usually 
with cobalt 60 teletherapy and usually 
through anterior and posterior portals A 
measuring 10X10 or 10X12 cm. Other 
sources of supervoltage radiation and other 
techniques were occasionally used. Radical B 
cystectomy was usually performed between ] 
I and 3 months following the completion of 
radiation therapy. In the male patients, the 
operation ordinarily included excision of B 


| Superficial 
the bladder, prostate and seminal vesicles 2 
with enveloping fat and fascia and overly- Deep 
ing peritoneum. In the female patient, the C 
usual operation consisted of removal of the 
bladder, urethra, fallopian tubes, ovaries, 
uterus and at least the anterior vaginal D 
wall. In both sexes a bilateral pelvic lymph 
node dissection extending from the mid- 
portion of the common iliac arteries dis- D 
tally along the external iliac artery to the 2 
inguinal ligament and including the ob- 
turator, external iliac, and internal iliac 
lymph nodes was also performed. All pari- Fic. 2. Simplified staging of bladder cancer. 
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TABLE I 


BLADDER CANCER 
327 PLANNED CYSTECTOMIES 


1959-1966 


No. of Cases 


No RT 

Protocol RT 
Nonprotocol RT 
Other RT 


RT» Radiation Therapy. 


etal peritoneum of the true pelvis and much 
of that of the adjacent false pelvis was re- 
moved in continuity with the surgical 
specimen, making reperitonealization tech- 
nically impossible. In a few, elderly, poor 
risk patients, lymph node dissection was 
either curtailed or omitted entirely but 
other features of the radical excision were 
retained. 


RESULTS 


Experience with this program is briefly 
reviewed in terms of operative mortality 
and morbidity, effects of radiation therapy 
on the tumor, and survival. In an attempt 
to place these results 1n perspective, two 
other series of patients who had radical 
cystectomy for bladder cancer have been 
utilized. The validity of the resulting com- 
parisons may be questioned since the three 
series do not constitute a controlled study 
and since the series were not simultane- 
ously accumulated, but for the three series 
it may be stated that: (1) the methods and 
the accuracy of clinical staging were simi- 
lar, and, (2) the technique of radical cystec- 
tomy was the same. The criteria for selec- 
tion of patients for cystectomy have been 
essentially unchanged over the past 15 or 
more years and, even were criteria changed, 
categorization of patients according to 
tumor stage would minimize the influence 
of other factors of selection on survival, 
since tumor stage is such a dominant 
determinant of prognosis in any event. 

Between 1959 and 1966, 327 cystec- 
tomies were advised in patients with 


No Operation 





Resectable Nonresectable 


bladder cancer at the Memorial or James 
Ewing Hospitals (Table 1). In 32 patients 
(no radiation therapy) preoperative irra- 
diation was not employed for the following 
reasons: (1) because of patient refusal to 
submit to irradiation; (2) because economic 
reasons in patients from foreign countries 
made a condensed form of treatment im- 
perative; (3) because of the necessary pres- 
ence of some form of catheter drainage; 
(4) because of bleeding of sufficient magni- 
tude to make delay for radiation therapy 
impractical; (5) because of a markedly 
diminished bladder capacity; or (6) be- 
cause of rapidly progressing bilateral upper 
urinary tract obstruction. 

In 9 relatively recent patients (other 
radiation therapy) the protocol course of 
radiation therapy was arbitrarily not given 
in favor of an alternative program of pre- 
operative irradiation in which 2,000 rads 
were delivered to the bladder and true 
pelvis by supervoltage radiation within a 
period of 10 days and followed within a 
period of 2 weeks by cystectomy. 

In 109 patients (nonprotocol radiation 
therapy) protocol irradiation was made 
impossible by the fact that the patients had 
had prior radiation therapy, usually 6,000 
rads to the bladder and varying portions of 
the adjacent pelvis by supervoltage, usually 
over 6 to 8 weeks, and usually from a few 
months to a year or more prior to cystec- 
tomy. These patients, with few exceptions, 
had had radiation therapy elsewhere and 
had been referred for further treatment as 
radiation failures. 
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i AC OU QN m——— M perstat au so era sisi CAFE I EA VEEE 1 mE—— PRESSO LEM Rg eee ae ———— RO 
| Old Series | Protocol RT | Nonprotocol RI 

= TERM kl aar Lae aa A a S 
Deaths | 16/145 11% | fia 1295 | 12/81 15% 
Complications | 62/145 4396 | Cpa eee 43% | 43/81 63% 


RT = Radiation Therapy. 


In the remaining 177 patients (protocol 
radiation therapy) protocol irradiation to 
be followed by radical cystectomy was 
planned. 

In Table 1 the different groups of cases 
are tabulated and the nonoperated, re- 
sectable, and nonresectable cases in each 
group indicated. The proportion of resect- 
able and nonresectable cases in each cate- 
gory is grossly similar. A relatively large 
number of patients having protocol radia- 
tion therapy did not come to cystectomy. 
This was primarily a consequence of symp- 
tomatic and objective improvement follow- 
ing radiation therapy with resultant pa- 
tient refusal or, less commonly, physician 
reluctance to proceed with cystectomy in 
the face of such improvement. 

To provide some basis for evaluation of 
the effects of radiation therapy on patients 
selected for cystectomy, an experience with 
230 patients subjected to radical surgery 
for bladder cancer and previously reported 
by Whitmore and Marshall’ was reviewed. 
In this series, those patients who had either 
prior radiation therapy or pelvic exentera- 
tion or both were excluded, leaving 145 


patients who were subjected to radical 
cystectomy for bladder cancer in whom 
prior radiation therapy had not been em- 
ploved. This group of cases is referred to in 
this anlvsis as the “old series." Pertinent 
comparisons will be made between the “old 
series," the series receiving protocol radia- 
tion therapy, and the series simultaneously 
treated with the latter group who had 
received prior *nonprotocol radiation ther- 
apy.” 

The operative mortality and morbidity 
in the three series are summarized in 
Table 1. No significant differences in 
either operative mortality or morbidity are 
apparent. Wound morbidity in the form of 
prolonged drainage from the vesical space 
was a sufficiently striking feature in the 
irradiated series so that the routine drain- 
age of wounds has been abandoned in the 
past 3 years. 

Information relative to the effects of the 
protocol radiation therapy on the bladder 
tumor can be derived from a comparison of 
the preradiation clinical stage of the tumor 
to the postradiation, and the postsurgical 
pathologic stage (Table ri). This tabula- 
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COMPARISON OF PRERADIATION CLINICAL STAGE TO POSTSURGICAL PATHOLOGIC STAGE 





Pathologic Stage 
Clinical Stage Dao ie ace a Pe ae a eae UE ae tn - 
i d . f ^ i 
i No tumor | In situ | A, B, B.C ; D 
| | i 1 
———ÓMÓ———— ——— | FURTHER HOD ONUS SPORT PERIERE AAPEEE E | PUTER ELS BANENE ONIE RA ML RUE AUNT NS BRE LER EVERTI Cp pica ahah elias nina EA, i Maa uada etr MR PRIMA VI ar eer = : —————— Rieti ta parrene 
| i : E 
OAB, | 44 | 6 | 10 17 | 4 | j 
B.C | 79 9 | I Q | 21 | 33 
D | I$ | | | 5 | 9 
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Total 138 | 1g : ii 33 3° | 49 
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SURVIVAL OF PATIENTS HAVING PROTOCOL RADIATION THERAPY ONLY 







Clinical Stage 


OAB, (17) 11/16 (69%) 
B,C (18) 8/16 (50%) 
D ( 4) 1/3 


tion includes 121 patients on whom cystec- 
tomy was actually accomplished and an 
additional 17 patients in whom laparotomy 
revealed nonresectable neoplasm. Since, in 
all but two instances, pretreatment biopsies 
revealed tumor beyond the im situ stage 
and since deliberate efforts to eradicate 
tumor by transurethral measures prior to 
radiation therapy were not made, the con- 
clusion seems inescapable that in 26 of the 
138 patients (with the two possible excep- 
tions mentioned above), a reduction in 
tumor stage occurred as a consequence of 
the irradiation. Multiple blocks were ex- 
amined from the bladders of these patients 
but step and serial sections were not rou- 
tinely employed. Of 15 patients in whom no 
residual tumor was found at the time of 
cystectomy 4 have died, but autopsies in 2 
of the latter revealed no evidence of cancer 
and there was no clinical evidence of cancer 
in the other two. The remaining 11 patients 
are alive and apparently well: 6 less than 2 
years, 1 each for 2, 3 and 4 years, and 2 for 
ç years or more. Of 11 patients with i” situ 
cancer only in the cystectomy specimen, 2 
have died of bladder cancer and 1 of an 
unrelated cause. Of the surviving 8 pa- 


3 Years 



















(53%) 
(33%) 


3/8 (38%) 
1/13 (8%) 


1/2 


1/5 (20%) 
1/8 (12%) 


tients, 6 have survived for more than 2 
years including 2 for 3 years, 1 for 4 years, 
and 1 for more than 5 years. 

Survival data for the 39 patients who had 
protocol radiation therapy and who did not 
have subsequent laparotomy or cystectomy 
are shown in Table tv. In this group there 
were II patients (7 clinically superficial 
and 4 clinically deep) whose biopsies and 
urinary cytologic studies became negative 
following radiation therapy and 5 have 
died, 5 from cardiovascular causes and 2 
from cancer, although whether the cancer 
death was of thyroid or bladder origin is 
uncertain in 1 case. Of the remaining 6 pa- 
tients, 1 1s living less than 2 years, 1 for 2 
years, 3 for 3 years, and 1 for 5 years from 
the date of radiation therapy. 

In Table v survival rates for patients 
with clinically superficial lesions from each 
of the series are calculated at 2, 3, 4, and 5 
years on the basis of the number of sur- 
vivors relative to the total number at risk 
for the respective follow-up interval. Only 
resectable cases (Res.) are included in the 
"old series." For the two radiation series, 
two analyses have been included: that 
which is designated “Al” includes all the 


TABLE V 


SURVIVAL RATES FOR DIFFERENT SERIES 
CLINICAL STAGES: OAB| 


2 Years 
Old Series (Res.) (51) 33/51 (65%) 
All Protocol RT (61) 35/49 (71%) 
Res. Protocol RT (44) 24/33 (73%) 
All Nonprotocal RT 6) 17/30 (37%) 
Res. Nonprotocol RT (30%) 15/25 (60%) 


RT= Radiation Therapy. Res. Resectable. 


3 Years 4 Years 5 Years 
28/51 (55%) | 23/51 (45%) | 22/51 (43%) 
26/44 (59%) | 12/29 (41%) | 6/19 (32%) 
17/28 (61%) 9/21 (43%) | 5/14 (36%) 
8/22 (36%) 7/18 (39%) | 4/10 (40%) 
6/17 (35%) 5/13 (38%) | 3/8 (38%) 
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SURVIVAL RATES FOR DIFFERENT SERIES 
PATHOLOGIC STAGES: OAB, 








| 2 Years | 3 Years 4 Years | $ Years 
Old ON | (51) — | avsr (7390) | 33/51 (65%) | 29/51 (5770) | 28/51 (55%) 
Res. Protocol RI (59) | 31/43 72%) | 22/34 (65%) | 13/25 (52%) | 7/37 (41%) 
Res. Nonprotocol RT (35) | 18/26 (69%) | 10/21 (48%) | 7/18 (39%) | 4/12 (33%) 
RT = Radiation Therapy. Res.= Resectable. 
Taste VH 
SURVIVAL RATES FOR DIFFERENT SERIES 
CLINICAL STAGES: BoC 
pe eee ee Tr ee ee ian Lem if 4 P MORENO E " un e eii 
| 2 Years | 1 Years | 4 Years | € Years 
perc patience UN ME NM E VERDIENEN THRONE NIS jo t MÀ À posu POR ER i . : z 
Old Series | (89 | 27/89 (3090) E 21/89 (24%) | 20/89 um 0) | 18/89 (20%) 
All Protocol RT (97) | 32/82 (3970) | 19/66 (209%) | 18/56 (32%) | 8/39 (20 To) 
Res. Protocol R T (65) | 21 /82 t i | 14/40 (3500) | 12/34 (35% 2 | 7/23 (30%) 
All Nonprotocol RT — (48) | 13/34 8/27 (30%) 4/19. (21%) | 3/10 (30%) 
Res. S eapiotase) RT TAD | 12/26 m ig die | (38%) 4/16 (z $70). i 39 (33%) 
RT = Radiation T eus Res, = Resectable. 
patients appropriately staged clinically series” is better than the 41 per cent at- 


(OAB,), whether or not cystectomy was 
attempted; and that which is designated 
“Res.” includes only those patients in 
whom cystectomy was actually accomp- 
lished. The 4 vear survival rates in these 
different groups ranged from 31 to 43 per 
cent, and indicate no substantial differ- 
ences. 

In Table v1 a similar tabulation 1s given 
for the three series on the basis of the patho- 
logic staging of the surgical specimen for 
patients in whom cystectomy was accomp- 
lished (Res.). 
cases in each series is small, the 55 per cent 
g year survival rate obtained in the “old 


Although the number of 


tained in the protocol series or the 33 per 
cent attained in the nonprotocol series. 
However, at 2, 3 and 4 years the survival 
rates in the “old series" and in the protocol 
series are quite similar and this fact coupled 
with a relativelv large number of deaths 
from noncancer causes between the 4th and 
sth years in the protocol series can account 
for the relatively poor 5 vear results in the 
protocol series. Furthermore, a reduction in 
tumor stage as à consequence of preopera- 
tive radiation therapy could result in the 
inclusion of patients in the pathologic low 
stage category whose lesions were initially 
of high stage, possibly contributing to 
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SURVIVAL RATES FOR DIFFERENT SERIES 
PATHOLOGIC STAGES? Bot 





Old SNAM (60) | 17/60 (28%) | 
Res. Protocol RT (30) 12 / 2 (46%) | 
Res. Nonprotocol RT (16) s/10 (50%) | 
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RT = Radiation Therapy. Res. = Resectable. 
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| 2 Years | 
Old Series i (34) 9/34 (260%) | 
Protocol RI (32) 4/26 ( ic, | 
Nonprotocol RT (30) 5/22 (23% | 


RT = Radiation Therapy, 


poorer survival rates in the protocol series. 

Table vn indicates survival rates for pa- 
tients with c//zically high stage lesions from 
each of the three series. Five year survival 
rates ranged from 20 per cent to 55 per cent 
and demonstrate no remarkable differences. 

In Table vin a similar tabulation is given 
for the three series on the basis of the 
pathologic staging of the surgical specimen 
in patients in whom cystectomy was ac- 
complished. The survival rates at 2, 3, 4 
and § years are all better in those patients 
having protocol radiation therapv than in 
the “old series.” 

l'or patients with tumors in the meta. 
static stage category the survival outlook 
following cystectomy is poor, and, at best, 
has not been helped by prior radiation 
therapy (Table 1x). 


DISCUSSION AND CONCLUSION 


The number of patients involved in these 
studies 1s small. The precise comparability 
of the patients in the three series can be 
questioned, although the overwhelming 
significance of tumor stage in determining 
prognosis is well established by past radia- 
tion therapy and surgical therapy experi- 
ences, At the worst, radiation therapy has 
not added prohibitively either to mortality 
or morbidity following cystectomy. Radia- 
tion therapy has produced an unequivocal 


N NAEP EAMA AdemA Van es trate m A re I P EE o AH ANTA i AAA 
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3 Years | 4 Years | 5 Years 
5/34 (1570 | 3/34 (9%) | 2/34 (6%) 
1/18 (6%) | O/1$ | 9/13 
A$ (9%) | ofto | of4 


destruction of tumor in slightly more than 
10 per cent of the cases treated according to 
the protocol and a reduction in tumor stage 
in at least another 6 to 7 per cent of cases. 
The survival of patients with low stage 
tumors following cystectomy has not been 
appreciably altered by the addition of pre- 
operative radiation therapy but in patients 
with high stage tumors an improvement in 
survival is suggested. Whether this im- 
provement Is a consequence of the radiation 
therapy is debatable, but the tumor dis- 
appearance or the reduction in tumor stage 
seen in some patients after preoperative 
radiation therapy lends evidence to such a 
possibility. 

Willet F. Whitmore, Jr., M.D. 

Department of Surgery 

Memorial Hospital 

444 East 68th Street 

New York, New York 10021 
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PREOPERATIVE IRRADIATION FOR CARCINOMA 
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D advances in the application of 
surgery and irradiation the treatment 
of bladder carcinoma remains unsatisfac- 
tory. Five year survival rates following 
radiation therapy approximate 20 per cent 
for all patients seen in a large radiotherapy 
department,?? and 28 per cent for those 
with invasion of muscle or perivesical tis- 
sue. Similar rates have been achieved by 
surgery in a selected population suitable 
for operation.! With either method, treat- 
ment failure is due to locally recurrent 
pelvic disease in the majority of patients.9:! 
Improved tumor control rates in animal 
systems subjected to preoperative irradia- 
tion suggested the use of this technique in 
the treatment of bladder cancer.^* We 
wish to present the philosophy and early 
results of such a program carried out at the 
Presbyterian Hospital of the Columbia- 
Presbyterian Medical Center. 
Preoperative. radiotherapy programs 
range in purpose from devitalization of cells 
and alteration of the tumor bed to sterili- 
zation of tumor which may not be removed 
at operation. The first purpose can be 
achieved with a low-moderate radiation 
dose, but the latter requires doses of the 
order of 5,000—7,000 rads. Our experience 
and that of others showed increased mor- 
bidity and operative difficulty following a 
full course of radiotherapy. Therefore, a 
program of moderate dose irradiation, 
3,000 rads in 3 weeks, was designed to aug- 
ment the basic surgical attack without 1n- 
terfering with its accomplishment.’ The 
guiding surgical philosophy was to pre- 
serve bladder function, treating by endo- 


Scopic resection and avoiding cystectomy 
whenever clinically feasible. 


MATERIAL AND METHOD 


Fifty-one patients were registered in a 
prospective, noncontroled study from 
May, 1960 through April, 1966. Private 
and service patients were included, but not 
all eligible patients in either category were 
referred for study. 

The age and sex distribution 1s shown in 
Table 1. There were 33 males and 18 fe- 
males with a mean and median age between 
60 and 65 years. Hematuria was present in 
43 patients. The histologic diagnosis was 
transitional cell epithelioma in 41, ana- 
plastic carcinoma in 2, and squamous cell 
epithelioma in 8. In 6 of the 41 patients 
with transitional cell epithelioma, squam- 
ous metaplasia was also described. 

The program under study is outlined in 
Table n. Following initial evaluation, 
clinical staging was carried out according to 


TABLE I 


AGE AND SEX INCIDENCE 


Years Male Female Total 
40-44 I I 2 
45-49 3 o 3 
50-54 I O I 
55-59 8 5 13 
60-64 5 4 9 
65—69 4 2 6 
70-74 7 6 13 
75-80 4 o 4 
Total 33 18 51 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-51, 1957. 


Part of Symposium: Cancer of the Bladder. 


From the Departments of Radiologyt and Urology] of the Columbia University College of Physicians and Surgeons, New York, 


New York. 
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TREATMENT PROGRAM 


|. Evaluation 
2. Staging 
3. dPrradiation—3,000 rads in 3 weeks 
Anterior— Posterior ports, 12 cm. X 12 cm. 
Cobalt 6o teletherapy or 22.5 mev. betatron 
. Re-evaluation——3-6 weeks later 
Surgery-—Endoscopic resection 
Partial cystectomy 
Total cystectomy 
Radical cystectomy +lymph node dissection 
(Irradiation to 6,000 rads) 


Ur d 
4 


the Marshall modification? of the system of 


Jewett and Strong. A preoperative course 
of 3,000 rads tumor dose to the true pelvis 
was then delivered in the majority of cases 


(45) 1n 17-23 elapsed days. A tumor dose of 


3,500 rads was reached in 2 patients, and 
4,000 rads in 4 patients. Supervoltage 
equipment (Coët, 22.5 mev. betatron) was 
utilized with conventional fractionation (5 
day /week), 

Re-evaluation was usually undertaken in 
3 to 4 weeks (range 2 days to 15 months) 
ilove the last irradiation, depending on 
the clinical state and cooperation of the pa- 
tient. When possible, endoscopic resection 
or partial cystectomy was carried out. 
When cystectomy was necessary, uretero- 
sigmoidostomy or, more recently, an ileal 
conduit was established. In 2 patients in 
whom no tumor was found at c ystoscopv 
and biopsy, additional radiotherapy was 
given to a total tumor dose of 6,000 rads in 
"split-course" fashion. 

All $1 patients completed the planned 
course of radiotherapy. Bowel and bladder 
reactions were usually absent to mild in de- 
gree; in only an occasional case was it 
necessary to reduce the daily dose. 

Surgery was undertaken in 41 patients. 
Only endoscopic resection was required in 4 
and ing a partial cystectomy could be per- 
formed. Cystectomy was required for 21 
patients. An unresectable lesion was found 
n 

Survival data according to stage are 
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shown in Table ni. Only patients with cur- 
rently demonstrable disease or proven re- 
currence at demise are classified as “with 
disease." Fifty-three per cent (8/15) of 
Stage A patients remain alive, but 1 re- 
; quien additional therapy. In Stage B, only 

2 per cent (8/25) of patients are alive; 3 of 
UR 8 survivors are failures of the pose 
and required additional treatment. There 
are no survivors in Stage C (0/9) or Stage 
D (0/2) patients. If we consider only those 
patients in whom surgery was undertaken, 
the salvage rates are: 7/12 (58 per cent) — 
Stage A; 8/19 u^ t r cent)—Stage B; 
o/8- — Stage C; and o/2— Stage D. 

Ten patients did not h lave an operation; 
only 1 remains alive. Nine have died, 4 with 
proven recurrence; the pelvic status was 
unknown when 4 others died, 1 with dis- 
tant metastases, I of a second primary 
cancer of the colon, and 2 having refused 
further treatment. One man refused opera- 
tion, received 6,200 rads in split course 
fashion with a 2 month rest after the first 
3,200 rads, and died of intercurrent disease 
with a negative bladder at postmortem 
examination 16 months later. 


DISCUSSION 


The basic goal of improving survival 
rates while preserving bladder function led 
to the establishment of a preoperative 
radiotherapy program which would be well 
tolerated and would not interfere with 
surgery. Cystectomy was avoided when 
possible. Toward this end, each patient 
was carefully restudied with cystoscopy 
and biopsy after irradiation. From the 
clinical and histologic data we hoped to 
establish criteria to guide us in the choice 
of treatment (radical operation vs. con- 
servative operation, radiotherapy) and to 
resolve doubts concerning the clinical 
course of disease during the interval before 
operation, 


CONCLUSIONS 


1. The approximately 6 week delay 
between onset of irradiation and operation 


Carcinoma of the Bladder 


4 
tat 


Vor. 102, No. 


79 
Taste II 


SURVIVAL—MONTHs* 






Alive 8 Ret ieee TERN ah: MERERI 
Witho isease 8 | " Y; ith D; 
ithout Disease t | Without Disease 5 With Disease 2 
MARNE NENNEN RE ee meu neg per RIPE Uere OR 
y i y ZI * hi L ^ — i g f Pm 8 
12 Operated | 333 2375 28, 25 » 23, 17, 355.1455 21, m 
ae | 


3 Not Operated | 
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, Dead 17 
Alive 8 eee NERA a — T" 
Without Disease 8 Without Disease 3. | With Disease 14 











19 Operated | 44, 365, 345 220 22, 19!, 2m | 36, 26, 23, 14, 12, 9, 8, 7, 
| 16, 18 7 
6 Not Operated  - gi 45; 10, 0, 1 
Alive/at Risk = 8/25 (32 per cent). 
Stage C 
— mc ee ee eee Cee ee 
| ; | Dead 
| Alive o HORE 55: 
| Vi ice : | eae 
| Without Disease Without Disease 5 | With Disease 4 
| qo NENNEN rU NUNC TE eR ee NRT me ernie 
— : ES — rm 
8 Operated | out d d2 3 $75 
1 Not Operated | 16" | 
Alive/at Risk 0/9. 
Stage DD 
Dead 2 
Alive o ERUNT RON pant a  EER 
Without Disease | Without Disease | With Disease 2 


2 Operated | 12,5 


o Not Operated 
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Alive/at Risk =0/2. 


* Only patients with current demonstrable disease, or proven recurrence at demise, are classified as "with disease." All others are 
classified as "without disease" despite documented recurrence if further treatment appears to have controlled the process. 

a= Lost to follow-up. >= Lung metastasis, excised. f= Protocol failure, additional treatment given, "= Postmortem study, 6,000 rads, 
== Postoperative death. 


3,000 rads except for increased adherence 
of lymphatics and perivascular tissue along 
the iliac vessels. 


is not deleterious. In no patient did the 
findings at cystoscopy with bimanual 
pelvic examination progress so that opera- 


tion was precluded. 
2, Surgery was not more difficult after 


3. Three thousand rads is too low a dose 
to achieve local tumor control. Persistent 


$80 


disease was demonstrated at re-evaluation 
in 43/49 cases (88 per cent); 2 patients 
refused further study or treatment. In only 
6 could no tumor be found. 

4. Histologic examination after 3,000 
rads is a hazardous base upon which to plan 
treatment. Of the 6 patients with a “nega- 
tive" histologic evaluation, 4 died with 
proven local recurrence, 1 died of distant 
metastases without a statement concerning 
pelvic disease, and x remains alive at 34 
months after radical cystectomy. In an- 
other 2 patients, the response to 3,000 rads 
was so good that the dose was carried to 
6,000 rads in 9 weeks in "split course" 
fashion in lieu of surgery; both suffered re- 
currence in less than 1 year. To complicate 
the picture still further, 1 patient under- 
went cystectomy when tumor was seen in 
the re-evaluation biopsy, but no tumor was 
found in the bladder specimen. Similar 
diffculty has attended the evaluation of 
histologic studies following irradiation with 
doses of 4,000—7,000 rads.? 

5. Conservative surgery alone following 
moderate dose irradiation for invasive 
carcinoma 1s not likely to improve long- 
term survival rates. The short-term results 
presented are no better than the results of 
irradiation alone or surgery alone)? 

The goal of improving survival results 
while preserving bladder function remains 
elusive. The concept of invasive bladder 
cancer being a disease of the entire bladder 
urothelium, and the possibility of sub- 
clinical circumferential tumor spread in 
the bladder wall serve to explain the failure 
of this conservative approach. In the 
future evaluation of combined treatment 
for invasive carcinoma we plan to rely on 
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cystectomy while gradually raising the 
preoperative irradiation dose. 


Robert H. Sagerman, M.D. 

Department of Radiology 

Columbia University College 
of Physicians and Surgeons 

630 West 168th Street 

New York, New York 10032 
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CANCER OF THE BLADDER* 


By DAVID WALLACE, M, S. 


LONDON, ENGLAND 


buo: are three aspects of urothelial 
tumors of contemporary interest. The 
first is the initiation of tumors due to the 
exposure of workmen to an environment 
containing carcinogenic substances. The 
second is the problem of multifocal uro- 
thelial disease, whether it be due to im- 
plantation of exfoliated cells, the presence 
of carcinogens in the urine, or other factors. 
The third is the problem of infiltration 
which may be iatrogenic due to bad sur- 
gery, possibly due to a chromosomal 
abnormality, but which is of bad prog- 
nostic significance. 


INITIATION OF INDUSTRIAL ORIGIN 


Rehn in 1895 suggested that workmen 
involved in the processes of manufacture 
of aniline in a dye factory developed 
tumors in their bladder as the result of 
exposure to aniline. This original observa- 
tion (but unfortunate concept) of an 
"aniline dye tumor" crept into clinical use 
and the idea that aniline was the sole 
causative factor acted as a screen to delay 
the search for the real carcinogenic agent. 
Hueper in 1938 showed that S-naphthyl- 
amine, the intermediate compound in the 
preparation of dyes, was carcinogenic to 
dogs, and at this time suspicion was 
aroused that tumors occurring in men em- 
ployed in various industries could be the 
result of exposure to industrial chemicals. 
Events during the next few years prevented 
further research, but in 1949 the Imperial 
Chemical Industry voluntarily ceased man- 
ufacture of f-naphthylamine in England 
and withdrew all known stocks of this 
chemical. During the last two years the 
manufacture of benzidine and of a-naph- 
thylamine have also been stopped in 
England, but not in America.® 


All these compounds are not equally 
dangerous, nor are the trade processes; 
for example, those men who were employed 
in the distillation of 8-naphthylamine have 
developed bladder tumors in every case, 
but men exposed to benzidine had a rel- 
atively smaller risk, although it still 
represents something like twenty times the 
risk of the normal population. In any 
factory certain men are considered to be 
higher risks than others; for example, men 
working in the mixing room weighing out 
the raw f-naphthylamine, men working 
in the rubber mill where the raw rubber 
was processed, and men working with 
steam presses where the hot vapors were 
given off as the press opened, are all con- 
sidered to be high risk workers. Men work- 
ing on the factory floor in less intimate 
contact with the chemicals were considered 
medium risk, but anybody working within 
the factory, whether he be managing 
director or the porter at the gate, was 
considered to be at risk if there was any 
question of exposure at any time to in- 
dustrial chemicals. 

In England legislation has been intro- 
duced which entitles these men to a pension 
if they have been exposed to these chemi- 
cals. But more important than compensa- 
tion is the fact that once a risk has been 
recognized steps can be taken to withdraw 
the dangerous substance and at the same 
time screening procedures can be intro- 
duced to detect the development of any 
early neoplastic lesions in the workmen 
who have been exposed. 

The importance of chemical carcino- 
genesis to the practicing clinician, whether 
he be a surgeon or a radiotherapist, is two- 
fold. Firstly, by the recognition of the 
industrial risk the process can be stopped, 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
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screening can be introduced, and compen- 
sation awarded. But in addition to these 
factors there is a second aspect, the stimu- 
lus given to research into etiologic agents 
in the evolution of urothelial tumors and 
the possible role of urogenous endogenous 
carcinogens. 

The recognition of risk. By i954 the 
Association of British Chemical Manu. 
facturers had conducted a survey of work- 
men exposed to industrial chemicals. By 
chance the records of the Birmingham 
Cancer Registry were used as a control and 
this revealed to everybody’s surprise, that 
the rubber industry had an exceptionally 
high incidence of bladder tumors, and that 
this industry had been one of the largest 
users of &-naphthylamine. Since 1927, the 
rubber industry, acknowledging the past 
risk, has screened a proportion of the 
workers exposed to these chemicals. 
Routine cytologie screening, (which was not 
done selectively according to risk) has resulted 
in 63 asymptomatic tumors being detected in 
$0,000 examinations of urine. Furthermore, 
there have been smears apparently positive 
where no tumor has yet been recognized 
cystoscopically, and many other non- 
malignant lesions have been detected as a 
result of this routine screening. 

In 1965 the cable industry, which also 
used hot rubber, compounded with 8- 
naphthylamine, was suspected; there is 
now overwhelming evidence that in this 
industry among the men who handled the 
8-naphthylamine powder, who worked in 
the rubber mill, or who handled the hot 
extruded rubber, there is a verv real risk 
of developing a bladder tumor, on average 
18 years after the initial exposure.’ 

Other industries and occupations, where 
the risk has been recognized, include the 
retort workers in gas works, where naph. 
thylamine has been detected in the atmos- 
phere of the retort house, and rat catchers, 
who at one time used a-naphthylamine 
extensively as a rat poison both in England 
and in America. 

Compensation, When the diagnosis has 
been established that a worker has a tumor 
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of the urothelium, compensation is awarded 
provided that the worker can prove that he 
was exposed to a specified group of chemi- 
cals, including benzidine, after 1948. If, 
however, the worker could prove that, after 
the dangers were known, he was still 
exposed to these chemicals then he could 
well sue for negligence. A further point is 
whether the emplovers are also liable for 
neghgence if having admitted the carcino- 
genic risk they have failed to provide 
cytologic screening of the men at risk. 

This group of workers represent onlv a 
small portion of the total incidence of 
urothelial disease, but in our series, the 
men whom we have established as having 
developed their disease as a result of 
industrial exposure, represent 3 per cent of 
our total clinical material. 

This figure is a minimal one since there 
may be other patients in whom we have 
failed to elicit an industrial history but 
it is a group that could have been pre. 
vented. In those countries where there is no 
control of these chemicals, the group of men 
with, or about to develop, urothelial 
tumors, is still increasing. 

The responsibility rests with the clinician 
to identify any industrial risks that could 
have had an etiologic role in the initiation 
of urothelial tumors, but once this has been 
identified the responsibility for removing 
the risk and paying compensation rests 
with the government of the country 
concerned. 


IMPLANTATION OR MULTIFOCAL ORIGIN 


The controversy between those clinicians 
who supported the implantation theory 
(Albarran in 1903) and those who sup- 
ported the idea of multifocal origin 
(Hansemann in 1890) has raged for three 
quarters of a century, but it must be 
realized that these theories are not mutu- 
allv exclusive nor may thev be the only 
explanations of the clinical facts. 

Although it may well be true that 
exfoliated cells can implant, especially on 
the traumatized mucosa, there is little 
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dence to support this view. McDonald and 
Lund? implanted tumors in the non- 
functioning pouch of a dog's bladder, but 
others have based their conclusions on the 
time sequence—that ureteric tumors pre- 
cede tumors in the bladder, or that bi. 
lateral tumors are rare, or that removal of a 
kidney and ureter containing tumor will 
arrest the disease. 

With improved methods of treatment 
and the appreciation that multiple tumors 
are common, evidence is accumulating to 
suggest that a bladder lesion may be a soli- 
tary manifestation of neoplasia but is more 
likely, when taken over a period of vears, 
to be the first manifestation of neoplasia 
of the whole of the urinary tract. 

In reviewing our material over the last 
ig years the most striking finding is the 
high incidence of multiple lesions when 
there has been a long survival period for 
tollow-up. 

All our patients who have had a nephro- 
ureterectomy and have been followed-up 
have developed lesions in their bladders, 
but 1n some there has been an interval of 
14 years before the bladder lesion was 
recognized. 

Nine patients who were under treatment 
by cystoscopic methods have, during the 
follow-up period, developed lesions in a 
previously normal upper tract. In one of 
these the precipitating factor appeared to 
be stasis in a hydroureter following fibrosis 
(but not infiltration) of the intermural 
ureter—a clinical observation confirming 
the work of Scott and Bovd.? 

Four patients, following cystectomy 
and ureteric diversion, have developed 
lesions of one kidney and ureter. One of 
these, a man who has had a nephroureter- 
ectomy, cystectomy and  urethrectomv, 
continues to excrete neoplastic cells from 
his remaining kidney. 

In our cystectomy series, where the 
ureters are now examined routinelv, there 
has been found to be a 10 per cent incidence 
of either n situ or frankly proliferative 
carcinomatous lesions within the last 4 
inches of the ureter, 
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The number of patients reported in the 
literature with bilateral asynchronous or 
synchronous lesions of both upper tracts is 
relatively small and some are due to in- 
dustrial exposure. However, with more 
frequent radiologic studies we have seen 
4 patients, none of whom had been exposed 
to industrial chemicals, treated in our clinic 
for bilateral lesions, 2 more have been dis- 
covered at routine postmortem examina- 
tion, and 3 more were shown to me bv col. 
leagues. In 4 of these 9 patients there had 
never been a lesion in the bladder. To 
postulate implantation is to impose on 
credulity. 

The results of total cystoprostatectomy 
in recent years have shown that 12 per cent 
died from, or developed, a lesion at the 
triangular ligament in the perineum or in 
the urethra, especially when the original 
bladder lesion was a multifocal one, or 
when there was tumor in the posterior 
urethra, 

Although some of these recurrences could 
be due to accidental spillage when the 
urethra was cut at the prostatic apex, many 
were due to incomplete excision of neo- 
plastic urothelium lining the urethra. Re- 
cent work has shown that in 20 per cent of 
urethras, where there has been a preceding 
bladder or kidnev pelvis lesion, there is 
evidence of carcinoma 77 situ of the 
epithelium or in the urethral glands.4 The 
modern operation, in all cases of multiple 
lesions (and mandatory when there are 
lesions of the posterior urethra), is the one 
stage, monobloc, cystourethrectomy. 

Recently yet another example of the 
widespread nature of the urothelial disease 
has begun to be clearly recognized-—the 
spread of transitional neoplastic epithelium 
along the prostatic ducts and into the 
prostatic acini. This lesion is a purely sur- 
face manifestation and the prognosis ap- 
pears to be much better than when there 
has been direct infiltration of the prostate 
through the bladder base. 

In brief, the urothelial disease is a form 
of neoplasia that is widespread and may in- 
volve any part of the urinary tract that is 
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exposed to urine. Whether these changes 
are due exclusively to implantation or to 
exposure to carcinogens, or whether lym- 
phatic spread, as suggested by Connelly,? 
or a virus, may also play a part, remains to 
be proved. The too facile acceptance of one 
theory to the exclusion of all others may 
well delay the true understanding of the 
nature of this disease. 


INFILTRATION 


When infiltration can be recognized 
clinically, the disease is nearing the termin- 
al phase. Every effort must be made to 
prevent infiltration. 

At the onset, neoplasia starts as an intra- 
epithelial cytologic change, exfoliated cells 
may be present in the urine and there may 
be an irritative but not an infected cystitis. 
A sterile cystitis with little if any change to 
be seen cystoscopically frequently indicates 
the early stages of mucosal carcinomatosis. 

As the disease progresses symptoms, 
usually bleeding, may appear, but symp- 
toms are often delayed for many years after 
the urothelial change has been detected by 
Papanicolaou smears. 

The stage of mucosal proliferation is 
variable, it may persist for many years 
without showing any evidence of infiltra- 
tion, or infiltration may commence early 
and proceed rapidly without intervention. 

The natural history of the disease does 
not include fungation through the abdom- 
inal wall. When this occurs, it is due to ill 
judged surgery opening up tissue planes 
and implanting cells or clumps of cells on 
the surface of the wound. With care and 
proper selection of patients this complica- 
tion of open bladder surgery can be avoided 
(R.M.H. series 1.8 per cent), but when it 
does occur it 1s latrogenic in origin, and not 
due to the natural behavior of the tumor. 
Although this complication is well recog- 
nized in open bladder surgery it can also 
occur with incomplete transurethral ex- 
cisions where a raw area is left in contact 
with a partially removed noninfiltrating 
tumor, When this occurs the tumor is said 
to have "become malignant." Would any 
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surgeon expect a good result with partial 
excision of a melanoma or a breast tumor? 

latrogenic infiltration is not the only 
explanation since Lamb* has been able to 
show that there is a difference in the 
chromosomal counts—tumors with a nor- 
mal chromosomal number whatever the 
degree of anaplasia rarely show infiltra- 
tion, whereas tumors with a tetraploid or a 
variable number of chromosomes nearly 
always show infiltration. The development 
of a clone of cells with an abnormal 
chromosomal pattern may well be the 
earliest stage of infiltration. Care must be 
taken to avoid any stimulus liable to pro- 
duce chromosomal changes.? 


THE CLINICAL PROBLEM OF INFILTRATION 


The results of surgery or irradiation 
when used alone as the sole therapeutic 
discipline are disappointing. In a series of 
104 patients with tumors staged T3, 96 
were dead at the third anniversary when 
treated by supervoltage therapy alone. 
The results of surgery are little better. 

In an attempt to improve the results 
various combinations of radiotherapy and 
surgery have been tried. 

Before, however, describing these results 
one must examine the validity of the 
classification. We use the International 
Union Staging because, unlike the Jewett- 
Marshall classification, it is based on a 
clinical examination but must include 
biopsy proof of malignancy. We do not 
believe that it is possible to judge the half 
way of the bladder muscle clinically since 
the bladder wall varies in thickness with 
the degree of distention and the amount of 
hypertrophy, although with an operative 
specimen it is possible to differentiate 
between Bi and B2 reasonably accurately. 
Nor can we detect clinically or radio- 
logically involvement of lymph nodes 
within the pelvis (D1) or lymph nodes in 
the para-aortic region (D2). The Jewett- 
Marshall classification, being essentially an 
operative classification, does not have a 
category for a tumor that is fixed to the 
pelvic wall, since D1 by definition means 
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involvement of lymph nodes within the 
pelvis, not pelvic fixation. 

When a comparison is made between the 
U.L.C.C. clinical and the U.I.C.C. patho- 
logic classification, the major error is in 
understaging tumors which clinically are 
called superficial muscle but in fact turn 
out to be “deep muscle.” This error may be 
due to previous operations, inadequate 
relaxation, or a biopsy which fails to include 
bladder muscle. In the deeply infiltrating 
tumors, however, the accuracy of staging 
is very exact. There has been no tendency 
to overstage in this group. 

Reverting to the clinical problem of the 
T3 tumors, the surgery of salvage—v.e., 
delaying operation after 6,000 r or more, 
until a recurrent tumor was identified — 
gave disappointing results. Of 37 patients 
so treated 8 died postoperatively. There 
were 21 patients with still deeply infil 
trating but lymph node free carcinoma; 
however, of these only 2 survived 3 years. 

A second group of 19 patients was sub- 
mitted to 4,000-5,000 r Irradiation and had 
a cystectomy within 3 months of treat- 
ment. There were 2 operative deaths and 9 
survivors. 

We believe that a tumor which is deeply 
infiltrating could respond in one of four 
ways, either: 


1. by complete regression potential cure; 

2. by incomplete regression through a 
phase of quiescence when surgery 
could be undertaken with best chance 
of success 
by restraint when there may be a 
temporary cessation of growth; or by 

4. complete resistance when there is no 
reaction at all. 


We have initiated a clinical trial of pa- 
tients under 70 years of age, fit for radio- 
therapy or surgery, with deeply infiltrating 
lesions, and have randomized them into 
two groups: 


(a) where 6,000 r is given and no further 
treatment; and 
(b) where 4,000 r is given and a radical 
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infiltrating tumors. 
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cystectomy carried out a month 


later. 


Since the trial is in progress no final 
conclusions can be drawn. Suffice it to say 
that of 12 patients treated to 4,000 r with 
histologically proven deeply infiltrating 
tumors, 2 were found to be tumor free at 
subsequent cystectomy, and 5 were at a 
stage which histologically was less than at 
the first assessment. Five showed no 
alteration, and positive lymph nodes were 
found in only one of the series. Although 
these results are too small and too early for 
anv conclusions to be drawn, they do sup- 
port the policy that preoperative irradia- 
tion to a dose of 4,000 r will help subsequent 
surgery without increasing mortality or 
morbidity. More controlled clinical trials 
from other centers will be needed to con- 
firm or refute our eventual conclusions. 


Mr. David M. Wallace 
56 Cadogan Square, S.W.1. 
London, England 
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PREOPERATIVE IRRADIATION IN RECTAL CANCER: 
INITIAL COMPARISON OF CLINICAL TOLERANCE, 
SURGICAL AND PATHOLOGIC FINDINGS* 


and MORTON M. KLIGERMAN 


NEW HAVEN, CONNECTICUT 


HE radical surgical treatment for 

potentially curable rectal carcinoma 
continues to produce relatively modest 
long-term survival results. Gilbertsen" 
points out that although improvement in 
general medical care, anesthesia, and sur- 
gical techniques have significantly altered 
the survival, the gain has been a modest 10 
per cent when the series of 1940-1950 are 
compared to 1gzsi-1959. Morson and 
Bussey? more recently in their review of 
1,596 cases, conclude that “surgery alone 
has little more to offer in the treatment of 
rectal cancer... in spite of all attempts 
at earlier diagnosis, there has been no 
significant change in the incidence of the 
different stages of rectal cancer over the 
past 25 vears." A greater improvement in 
survival might be mediated through some 
conceptual change in management. 

Good radiobiologic evidence has led to 
interest In preoperative irradiation as a 
method with the potential to improve sur- 
vival even in lesions which in the past had 
been considered primarily surgical prob- 
lems. One can expect small groups of cells 
to be more readily destroved bv radiation 
therapy than large masses because the 
former are relatively well oxygenated and, 
therefore, relativelv radiosensitive. Also, it 
has been shown, both in the laboratory and 
in human experience, that smaller tumors 
containing fewer cells are more readily de- 
stroyed than larger masses. 

Stearns and co-workers," Ruff and co- 
workers,? and Fletcher and associates? 
have used preoperative irradiation either 
with orthovoltage or supervoltage roentgen 


rays. Stearns, Deddish and Quan! be. 
lieved that there was significant improve- 
ment in survival in those patients given 
preoperative irradiation who were sub- 
sequently classified as Dukes C,'° those 
in whom regional lymph nodes showed 
histologic evidence of tumor. In none of 
these reported studies had randomized 
controls been used. Furthermore, in the 
reported works the volume of tissue treated 
was variable and in none was the treat- 
ment plan such as to purposefullv include 
regional lymph nodes. 

The present report describes our pilot 
studv in the use of preoperative irradiation 
in rectal cancer treated to include the pri- 
mary tumor and regional lymph nodes in 
the true pelvis and those in the region of 
the bifurcation of the aorta, Nineteen pa- 
tients have so far been assigned to a proto- 
col, of whom 10 are in the group receiving 
preoperative irradiation. However, pre- 
liminary to the starting of the randomized 
series, an additional 9 cases received pre- 
operative irradiation during that time 
when our group was satisfving itself that a 
significant dose level could be reached and 
the operation successfully concluded. We 
would, therefore, like to set forth our 
experience related to the 1g patients who 
received preoperative irradiation before 
and since the institution of the protocol so 
that the clinical course of the patients dur- 
ing irradiation, the ability of the surgeon 
to perform his procedure, the condition of 
the tissue at operation, and the distribu- 
tion of gross and microscopic disease could 
be revealed. The pathologic findings in 
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those g protocol patients who have been 
randomized into the surgery alone group 
are also presented. Details of the anatomic 
findings in all patients will be amplified in 
a subsequent report 


PROTOCOL FOR PREOPERATIVE 
IRRADIATION 


Clinically operable patients with rectal 
carcinoma who have not had a previous 
malignant tumor are strictly randomized 
into two groups: preoperative irradiation 
followed bv operation, zs. operation alone. 
The aim of the protocol is to test the pos- 
sible improvement in surgical treatment 
of carcinoma of the rectum and rectosig- 
mold bv the use of preoperative irradiation. 
To be admitted to the protocol, the patient 
must present with biopsy-proven adeno- 
carcinoma of the rectum, The surgeon 
must feel that there is a reasonable expec- 
tation of resection, and the patient must 
accept the operation. Other bowel lesions 
are excluded by barium enema examina- 
tion, 
distant disease as revealed by roentgeno- 
graphic study. The absence of liver me- 
tastases is tested by standard liver func- 
tion studies including bromsulphalein re- 
tention and a radioactive isotope scan. 
There must be no other primary tumor. 

When these conditions are met, a card 
is drawn which allocates the patient into 
one or other of the two groups. When pre- 
operative irradiation 1s ordered, operation 
is scheduled 4 weeks after the completion 
of radiation therapy. To date, abdomino- 
perineal resection. has been the procedure 
of choice, although consideration is being 
given to anterior resection when appro- 
priate, 

Cooperating surgeons are located through- 
out the state of Connecticut with whom we 
have established a working relationship, 
and have to date contributed 6 of the 28 
patients whom we are reporting. In all in- 
stances, the irradiation was carried out at 
the Yale-New Haven Medical Center. The 
21 patients primarily seen at our Medical 
Center include those who were admitted 


Tepper, Vidone, Haves, Lindenmuth and Kligerman 


and there must be no evidence of 


March, 1968 


to our affiliated Veterans Administration 
Hospital in West Haven, The outside co- 
operating surgeons are Drs. John D. Booth, 
Robert Grossman, and Felix Tomaino of 
the Danbury H ospital and Drs. William 
H. Curlev, Jr. and Michael A. Dean of St. 
Vincent's Hospital in Bridgeport. 


MATERIAL AND METHODS 


Eighteen of 19 patients received a full 
course of irradiation. The nineteenth died 


of myocardial infarction immediately after 
the beginning of radtation therapy. The 


treatment plan delivers a dose of 4,500 
rads in 44 weeks to the entire pelvis bv 
means of anterior and posterior portals 
using a 6 mev, linear accelerator. The field 
(Fig. 1), which measures 15X22 cm. over- 
all, covers the entire true pelvis as well as a 
narrow extension superiorly which includes 
the body of L4. The radiation is well tol- 
erated and in all patients, other than the 
one with a myocardial infarction, treat- 
ment was completed. Diarrhea was ex- 
perienced by 7o per cent of the patients 
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and was of moderate intensity. It was 
readily controlled by paregoric. Two pa- 
tients complained of dysuria. In 2 cases, a 
moist epidermitis developed in the gluteal 
crease which healed promptly. 

Of the 18 patients who completed radia- 
tion therapy, 17 were found to be resect- 
able. The patient with the one nonresect- 
able tumor was found to have a frozen 
pelvis at the time of operation. Two pre- 
irradiation, inoperable patients, one clini- 
cally so, and one determined by previous 
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COMPLICATION S*® 


: Irradiation 
Surgery 
Alone : and 
Surgery 
Cardiovascular 
Cerebrovascular accident I case - 
Shock — I case 
Gastrointestinal 
Colostomy necrosis I case —  —— - 
Gastritis — I Case 
Leakage at intestinal 
suture line I case — 
Perforated gastric ulcer woes I case 
Peritonitis I case — 
Poorly functioning colostomy —  — - I case 
Small bowel fistula — I Case 
Small bowel obstruction — - | case 
Stress gastric ulcer I case — 


Genitourinary 
Cystitis I case 
Renal failure des 


4 cases 
2 cases 


Pulmonary 
Pneumonia 2cases 9 > - 
Pulmonary edema ~ 1 Case 
Infections 
Septicemia 2 cases 2 cases 
Wound infections 8 cases 7 cases 
18 Com- 22 Com. 
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* Although the complications are high, they are similar to those 
which are reported in large series of patients treated by surgery 
alone. 
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exploratory laparotomy, became operable 
after irradiation was given. At operation 
none of the cases presented difficulties 
which interfered with resection. One of 
the authors (M.A.H.) expressed the opinion 
that he found no difference between an 
irradiated and a nonirradiated pelvis. One 
patient in whom extensive fibrosis was 
found in the pelvis had a long history of 
diverticulitis, In 4 other patients, mild 
fibrosis was observed. Three patients had 
bleeding problems. In one, abnormal ooze 
was observed; in one, persistent bleeding 
occurred from some obscure point; and in 
one, increased bleeding occurred from the 
presacral veins. All survived the procedure; 
however, the rate of postoperative com- 
plications in the irradiated group was 66 
per cent and included 3 postoperative 
deaths. Although this figure is high, it 
compares with the general rate of compli- 
cations. for abdominal perineal resection 
without previous irradiation. Death in one 
patient occurred after gastric ulcer, renal 
failure, electrolyte imbalance, and septi- 
cemia. In a second patient, shock of un. 
known cause ended in death. In the third 
patient, sepsis, hypotension, and renal 
failure resulted in death. A complete list 
of postoperative complications is seen in 
Table 1. One patient had developed a late 
complication 2 vears after the combined 
procedure. He was readmitted with in. 
testinal obstruction due to extensive ad- 
hesions. The patient has improved follow- 
ing operative lysis of these adhesions. 


ANATOMIC STUDIES FOLLOWING 
RADIATION THERAPY AND 
OPERATION 


Of the 19 cases treated with preoperative 
irradiation with the intent to perform an 
operative resection, 2 patients did not re- 
ceive a resection. One of these died of a 
mvocardial infarction. during irradiation, 
and the second was not resectable because 
a frozen pelvis was found at laparotomy. 
This left 17 cases which were reviewed 
anatomically following radiation therapy. 
They were compared with the 8 cases of 
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surgical resection of adenocarcinoma of the 
rectum which did not receive preoperative 
irradiation as part of the randomized 
series. (The ninth case in the operation 
only group was not resectable.) A diag- 
nosis of adenocarcinoma of the rectum had 
been made before irradiation in each case. 
These slides were reviewed for this report 
and found to contain tumor. 


GROSS TUMOR RESPONSE 
TO IRRADIATION 


Patients were sigmoidoscoped before the 
beginning of treatment, during the course 
of treatment, and immediately preopera- 
tively. Impressive regression of tumor was 
noted in some. In 5 cases the tumor reduc- 
tion was from 75 to 100 per cent. Three of 
these 5 showed complete disappearance of 
tumor. In 5 cases the reduction was from 
so to 74 per cent; in 2 patients the reduc- 
tion was between 25 to 49 per cent. In 6 
patients the reduction amounted to from 
O to 24 per cent of the original tumor size. 
Two of these 6 showed no gross regression. 


MICROSCOPIC EXAMINATION 


Sections of the main tumor mass and 
associated tissues were reviewed micro- 
scopically and several observations were 
made. All showed at least some destruction 
of the primary tumor even in the 2 which 
showed no gross regression. Radiation 
effect was graded on a 1 to 1v basis with 
Grade 1 equal to minimal change, Grade 
11 equal to moderate change, and Grade 
111 equal to marked change. Grade 1v indi- 
cates complete absence of tumor. 

It 1s understood that the changes noted 
within a particular tumor are not neces- 
sarily uniform. In some specimens portions 
of the mass revealed marked disintegra- 
tion, while adjacent portions showed little 
alteration in the cellular patterns. Micro- 
scopic grading of the response to radiation, 
therefore, represents the pathologist's over- 
all impression. The changes interpreted as 
secondary to radiation were determined by 
comparing the irradiated tumors with those 
removed operatively without preoperative 
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irradiation, and reviewing the literature.5:15.18 
The changes observed in irradiated 
tumors included: 


I. The earliest changes appear to be 
marked swelling of the nucleus and 
cytoplasm of the tumor cells. 

2. Nuclear chromatin clumping and ir- 
regularity of the nuclear membrane. 

3. Granular cytoplasm which stains 
more eosinophilic and tends to be 
more vacuolated. Cells are frag- 
mented, reduced, and shrunken in 
size with nuclear material aggregated 
in pyknotic clumps. 

4. Cell fusion with loss of cellular out- 
lines. 

5. Necrotic ghost cells occasionally seen, 
particularly associated with large 
regions of necrosis. 

6. Some portions of tumor reveal large 

regions of microscopic necrosis. 

. In some no recognizable tumor is seen. 

. Tumor which is destroyed may show 

a reversion toward normal mucosa 
and submucosal structure, or it may 
show varying amounts of fibrosis. 
Mucin lakes, which can be seen in 
nonirradiated rectal cancers, occurred 
with greater frequency in these irra- 
diated cases. 


0O ~l 


Of the 17 cases available for review, 3 
showed minimal microscopic changes and 
2 showed complete absence of tumor. 
Seven fell in the moderate and 5 in the 
marked radiation effect category. It should 
be re-emphasized that the original biopsies 
on the 2 cases of complete absence of 
tumor histologically in the surgical speci- 
men did contain adenocarcinoma. Exten- 
sive necrosis with marked fibrosis of the 
tumor was more common in the irradiated 
series when compared with the controls. 
This replacement of dead and dying tumor 
tissue by reactive fibrosis accounts for 
failure to observe a decrease in the gross 
tumor size commensurate with micro- 
scopic evidence of tumor cell destruction. 

Positive regional lymph nodes were 
found in 3 patients. In a fourth patient, one 
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lymph node was questionably positive for 
tumor. In a fifth patient, the material was 
inadequate for lymph node evaluation. In 
the remaining 12 specimens the lymph 
nodes were free of tumor and were either 
markedly reduced in size or lymphoid 
tissue was found only with great difficulty. 
In 2 patients, tumor had spread through 
the thickness of the bowel but tumor could 
not be identified within lymphatic tissue. 

The surgical specimens were classified 
by Dukes’ method.*5 In the preoperatively 
irradiated group, there were g Class A. 
(Two of these contained no tumor—a 
category which Dukes could not include 
since all of his specimens necessarily had to 
contain tumor!) There were 3 Class B and 
4 Class C. The patient with questionable 
lymphatic involvement mentioned above is 
considered positive (Table 11). 

The remaining tumor and adjacent 
colon revealed marked edema, inflamma- 
tory infiltrates, and extensive fibrosis. 
Collagenized material appeared to be de- 
posited in the sites of previous edema and 
replaced large portions of what was ap- 
parently necrotic tumor. The blood vessels 
also showed changes. The earliest changes 


Tase II 


MICROSCOPIC PATHOLOGY OF RESECTED SPECIMENS 


No. " : 
Cisis Positive Negative 


Protocol Study— Surgical Group 
8 


Prim 8* — 
Regional Lymph Nodes 8 6 2 
Protocol Study—Preoperative Irradiation Group 
Primary 8f 8 — 
Regional Lymph Nodes 8 2 6 
All Preoperative Irradiation Cases 
Primary 171 Ij 2 


Regional Lymph Nodes 17 4 13 


* One case not resectable. 

T One case not resectable. 

$ One case died of myocardial infarction during irradiation. 

Note: There is a reduction in the relative number of positive 
and negative lymph nodes in the cases which had preoperative 
irradiation. See text for the ahift in the distribution of pathology 
as classified after Dukes in the preoperative irradiation group. 
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appeared to be edema of the blood vessel 
walls followed by intimal and subintimal 
proliferation of endothelial cells and fibro- 
blastic tissue. Many vessels appeared to 
be thickened with reduction in the lumen. 
Thrombosis was not frequent in the present 
series, only being found unequivocally in 
I Case. 

The microscopic changes present in the 
adjacent resected portions of rectum are 
essentially similar to those reported by 
Gelfand et a/.8 In many of the cases re- 
sected earlier following irradiation of the 
region, the mucosa revealed the presence 
of crypt abscesses composed almost en- 
tirely of eosinophils. A marked increase in 
focal tissue eosinophilia was also noted. 
The surface and crypt epithelium revealed 
a change in the typical columnar epithe- 
lium to a more cuboidal form with larger 
nuclei. Mucus production appeared to be 
reduced with occasional distended goblet 
cells, Submucosal edema was present in 
many of the earlier cases. In the cases re- 
sected at a later time interval, following 
irradiation, most of the mucosal structures 
had returned to normal. Some submucosal 
fibrosis was present and lymphocytic ele- 
ments, particularly in the lamina propria, 
appeared markedly reduced. In addition, 
the lymph nodes found in the specimens 
were reduced in size compared to normal 
material. The details of the anatomic find- 
ings will be amplified in a subsequent re- 
port.!? 

Four patients are reported which repre- 
sent the typical findings in the 4 categories 
of response to radiation therapy: minimal, 
moderate, marked and complete absence 
of tumor microscopically. 


REPORT OF CASES 


Case 1. Minimal microscopic radiation change. 
Patient S. G., a 66 year old white male, who in 
September 1965 was found to have a fungating 
mass involving the anterior half of the rectum. 
Biopsy of this mass was reported as poorly- 
differentiated adenocarcinoma (Fig. 2). He re- 
ceived 4,500 rads tumor dose in 30 days with a 
gross tumor reduction of about 80 per cent. 





lac. 2. Case 1. Preirradiation biopsy of the rectal 
tumor showing moderately poorly-ditfferentiated 
adenocarcinoma. (Hematoxylin and eosin, X 10$.) 


Four and one-half weeks later, he underwent 
an abdominal perineal resection. Residual 
tumor was present in the rectum showing min- 
imal radiation change (Fig. 3). The regional 
lymph nodes were negative. Several months 
later, he developed local recurrence and distant 
metastases. He died in January 1967. 


Case it. Moderate microscopic radiation change. 
Patient R. M., a st year old white male, who 
in September 1964 was found to have a ¢X65 
cm. exophytic rectal tumor. Biopsy was re- 
ported as adenocarcinoma (Fig. 4). He under- 
went an exploratory laparotomy and the 


tumor was found to be nonresectable because of 
extensive anterior fixation, He received 4,500 





Fic. 3. Case L Minimal microscopic radiation 
changes. Section of tumor mass resected 33 days 


"E 


following irradiation. Note swelling of cytoplasm 
and nucle: of tumor cells. Some minimal vacuoliza- 
tion of the cytoplasm and loss of cytoplasmic 
boundaries are seen. (Hematoxylin and eosin, 


X 105.) 
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Fic. 4. Case n. Preirradiation biopsy of rectal tumor 
showing moderately differentiated rectal adeno. 
carcinoma. (Hematoxylin and eosin, X 104.) 


rads tumor dose in 30 days. The gross tumor 
response to the radiation was estimated to be 
about 7: per cent regression. Four weeks later 
an abdominal perineal resection was performed. 
Residual tumor was present in the rectum 
showing moderate radiation change (lig. 5), 
but the regional lymph nodes were negative. 
Two years later, the patient was reoperated 
because of intestinal obstruction due to exten- 
sive abdominal adhesions. No evidence of 
rumor was found. He ts still alive 3 vears after 
diagnosis was made. 


- 


Fic. g. Case i. Moderate microscopic radiation 
change. Section of tumor mass resected 28 davs 
following radiation therapy. Note swelling of 
nuclei with clumping of nuclear chromatin and 
irregularity of nuclear outlines. The cytoplasm is 
swollen, appears mildly granular and vacuolated. 
Minimal cell fusion and loss of cellular outlines 


clear zone in the upper left hand pertion of the 
picture represents a mucin lake. (Hematoxylin 
and eosin, X105.) 
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Fic. 6. Case ui. Preirradiation biopsy of rectal 


tumor showing well-differentiated | adenocarci- 
noma. Note number of mitoses present. (Hema- 
toxylin and eosin, X 105.) 


Case ut. Marked microscopic radiation change. 
Patient J. M., a 55 year old white female was 
found to have an extensive rectal carcinoma in 
July of 1963. It involved the anterior two-thirds 
of the rectal wall with infiltration of the recto- 
vaginal septum, and involved the posterior 
half of the vaginal wall. Biopsy was reported as 
well-differentiated rectal adenocarcinoma (Fig. 
6). She received preoperative irradiation, 4,000 
rads tumor dose in 25 days. Five weeks later, 
she underwent abdominal perineal resection. 
No gross tumor was present in the rectum; 
however, microscopic nests of tumor cells 
showing marked radiation change were found 
in the rectum and lymph nodes (Fig. 7). The 
patient did well until 23 vears later, when she 
developed metastases in the bony pelvis. She 
is alive at the time of the writing. 


Case tv. Total radiation destruction of tumor. 
Patient J. S., a 72 year old white male who in 
January 1967 was found to have a polypoid 
lesion, 11 em. above the anus. This tumor was 
partially excised and reported as adenocarci- 
noma (Fig. 8). At the same time, an epidermoid 
carcinoma of the lung was discovered for which 
he underwent a lobectomy. A course of pre- 
operative irradiation to the rectum was given, 
4,250 rads tumor dose in 30 days. Four weeks 
later, abdominal perineal resection was done 
and no evidence of tumor was found on micro- 
scopic examination in multiple sections of the 
rectum or regional lymph nodes (lig. 9). Re- 
cently, the patient developed an enlarged 
hilum and liver, and required radiation therapy 
to ribs and shoulder where metastases were 
assumed to be secondary to a lung tumor. He 
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Fic. 7. Case ut. Marked microscopic radiation 
change. Section of residual tumor in rectal wall 
removed 34 davs following irradiation of rectal 
carcinoma. On the left, note nuclear chromatin 
clumping and irregular nuclear membranes. Some 
nuclear material aggregated in clumps is also seen. 
On the right, some cells reveal cytoplasm which is 
granular, stains more eosinophilic, and the cyto- 
plasmic boundaries are indistinct resulting in cell 
fusion. (Hematoxylin and eosin, x 105.) 


had no symptoms in the pelvic region. He 
expired in August 1967. No autopsy was per- 
formed. 


DISCUSSION 


Replacement of tumor cells by reactive 
fibrosis is a common finding microscopi- 
callv. We were struck by the observation 
that tumor-cell destruction occurred in all 
irradiated specimens even when there was 
no significant decrease in the gross size of 
the lesion. The reason that this loss of cells 
could not be correlated with the gross 
volume was that fibrotic connective tissue 





Fic. 8. Case iv. Preirradiation biopsy of rectal 


tumor showing moderately  well-differentiated 
adenocarcinoma. (Hematoxylin and eosin, X 105.) 
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Total radiation destruction of tumor. 


lic. 9. Case iv. 
Phctograph of resected specimens showing small 


induration in the mucosa of the rectum. This was 
the site of a biopsy taken one week before resec- 
tion. Nlultiple sections from this and adjacent 
regions and lymph nodes failed to reveal any evi- 
dence of residual tumor. 


had replaced the destroyed portions of 
tumor. Every specimen showed evidence of 
destruction of cells to some degree follow- 
ing irradiation. Tumors of all degrees of 
differentiation showed evidence of cellular 
destruction, although in general the effect 
was more marked in the well-differentiated 
tumors, Furthermore, destruction of tumor 
cells was noted in the lymph nodes as well 
as in the primary lesions. This lack of 
correlation between postirradiation tumor 
masses and the degree of cellular destruc- 
tion observed in this series of cases had 
been noted previouslv by our group in 
lung carcinoma.!? 

These benefits could arise from preoper- 
ative irradiation of rectal carcinoma if 
given to the volume illustrated in Figure 1. 
Tumors might be rendered resectable which 
might be fixed at the time of exploration; 
there could be reduction of the relatively 
high incidence of recurrence seen in tumors 
of the lower rectum; and lymph node 
metastases in the regional drainage area 
could be reduced or eliminated. For this 
reason, the entire true pelvis is treated, 
and the lymph nodes at the bifurcation of 
the aorta are included in the field. Since 
we now have a total experience with pre- 
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operative irraciation of 22 cases (including 
those which came onto the service after 
this report was drawn up), we feel CON- 
fident that the dose schedule of 4,500 rads 
in 44 weeks is well tolerated. We are now 
extending the umbar portion of the radia- 
tion field superiorly to the middle of the 
second lumbar vertebra so that the lymph 
nodes which accompany the inferior mes- 
enteric artery will be included, At this 
upper level, we should be irradiating the 
regional drainage where clinical metastases 
are seen in approximately 99 per cent of 
patients, c us 

The number and tvpe of complications 
(Table 1) is not significantly different from 
those reported by Levine and Abram- 
son.! That report indicates 228 cases out 
of a total of 358 patients (63.7 per cent) 
with complications. The 22 complications 
in this report were in 12 of 18 patients 
(66.6 per cent) given preoperative irra- 
diation, In our own randomized series, the 
two groups, although each small in number, 
developed essentially the same rate and 
tvpe of complication. 

One striking preliminary observation 1s 
the distribution of the patients who re- 
ceive preoperative irradiation in the Dukes 
classification. Whereas one would expect 
to per cent of the specimens to show evi- 
dence of malignant cells in the lymph nodes 
(Dukes C), only $ of the 18 patients who 
were explored showed evidence of lymph 
node involvement, Nine of the specimens 
were Dukes A (tumor limited to the rec- 
tum). In 2 of these, no tumor could be 
found in the resected specimen. Four were 
Dukes B (extension to perirectal fat), and 
5 were Dukes C (extension to lymph 
nodes). In the surgery only group, one 
specimen was a Dukes A, one was a Dukes 
B, and 7 were Dukes C. 

We cannot speak of survival in the pre- 
liminary report because of the small num- 
bers involved and the lack of an extended 
follow-up. The high degree of cellular 
lethality demonstrated 1n these specimens, 
both in the primary tumor and in the 
lymph nodes in those given preoperative 
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irradiation suggests to us that continuation 
of the study 1s warranted. 


CONCLUSIONS 


Preoperative irradiation is a reasonable 
approach for rectal carcinoma. Our philos- 
ophy of treating the primary tumor and all 
the lymph node bearing regions up to the 
fourth lumbar vertebra to a dose of 4,500 
rads has proven to be well tolerated by the 
patients and did not interfere with the 
subsequent surgical procedure. 

A strictly randomized study of preoper- 
ative irradiation os. surgery alone is 
currently underway to evaluate the com- 
bined procedure. At the present time, we 
are not able to report meaningful survival 
figures because of the short follow-up 
period and the small number of patients. 


Morton M. Kligerman, M.D. 
Department of Radiology 

Yale University School of Medicine 
333 Cedar Street 

New Haven, Connecticut 06510 
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SEMINOMA OF THE TESTIS: ANALYSIS OF 
TREATMENT SUCCESS AND FAILURE* 
By JOHN G. MAIER, Lr. Coronet, MC, USA,f MICHAEL H. SULAK, Lr. Cotoxkr, MC, USA, 
and BERNARD T. MITTEMEYER, Lr. Coronet, MC, USAȘ 


WASHINGTON, D. C. 


“F Cun! R tumors comprise less 

than 1 per cent of all malignant 
tumors, but are not uncommon in military 
personnel because of the age of the patient 
population at risk. Dorn? has reported that 
testicular tumors are the most common 
type of malignancy seen in males between 
29 and 34 years of age. During the period 
from January 1, 1940, through December 
31, 1965, approximately 800 testicular 
tumors have been seen at Walter Reed 
General Hospital, Washington, D. C. The 
purpose of this paper is to present an analy- 
sis of those cases seen during this period, 
which have been categorized histologically 
as pure seminoma, Primary consideration 
has been given in this study to determine 
which treatment methods have led to 
success or failure. 


PATHOLOGY 


Most American pathologists classify 
testicular neoplasms into two major cate- 
gories: germinal neoplasms and nongermi- 
nal neoplasms. More than gs per cent of 
testicular neoplasms encountered in general 
pathology practice belong within the germi- 
nal group. These germinal neoplasms are 
presumed to arise from primitive germ cells 
or primordial sex cells of the seminiferous 
tubules. Such cells are regarded as toti- 
potential and thus, when undergoing malig- 
nant neoplastic change, may theoretically 
form any type of cancer. Seminomas of the 
testis, while considered of germ cell origin, 
are an apparent exception to this concept of 


totipotentiality and seminomas per se are 
considered distinct entities separable histo- 
pathologically as well as biologically from 
the other more obviously interrelated 
germinal neoplasms, e.g., embryonal car- 
cinom a, teratoma-teratocarcinoma , and 
choriocarcinoma. 

The general category of seminoma has 
been further subdivided into three groups 
as follows: (1) classical seminoma; (2) ana- 
plastic seminoma; and (3) spermatocytic 
seminoma. A detailed description of the 
histopathology in each of these subgroups 
is to be published.* The 277 cases of sem- 
inoma in the present series consist of 250 
classical seminomas, 26 anaplastic sem- 
inomas and 1 atypical or spermatocytic 
seminoma. 


CLINICAL MATERIAL 


The data in this series have been com- 
piled from 277 consecutive patients having 
a pure seminoma cell line in the orchiec- 
tomy specimen. Initially, the histologic 
material in all cases treated at Walter 
Reed General Hospital during the time of 
the study with a clinical diagnosis of sem- 
inoma, whether pure or mixed with other 
cell lines, was re-examined. The initial 
microscopic material was obtained for re- 
view in all cases except 2 from the Pathol- 
ogy Departments at Walter Reed General 
Hospital or the Armed Forces Institute of 
Pathology. In these 2 cases written reports 
are available, but the initial histologic ma- 
terial has not been located. 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1957. 
Part of Symposium: Testis Tumors, Chairman, Milton Friedman, M.D., New York, New York. 
From the Walter Reed General Hospital, Walter Reed Army Medical Center, Washington, D. C. 


This material has been reviewed by the Office of The Surgeon General, Department of the Army, and there is no objection to its pre- 


sentation and/or publication. This review does not imply any endorsement of the opinions advanced or any recommendation of such 


products as may be named. 
T Radiation Therapy Section, Radiology Service. 
t Pathology Service. 
$ Urology Service. 
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In the subsequent course of determining 
the fate of these patients, a total of 10 have 
been lost to follow-up (96 per cent follow- 
up rate). A total of 220 patients are now at 
risk 5 years after their initial diagnoses. 

There were a total of 272 Caucasian pa- 
tients and 5 Negro patients. The right 
testicle was involved in 153 instances, the 
left in 124, and there were 6 cases of bilat- 
eral involvement. There were 22 cases of 
undescended testicle with an orchiopexy 
having been performed in 10 instances. 
Figure 1 shows the age incidence by de- 
cades. 

In an effort to more fully evaluate the 
treatment modalities utilized in this series, 
a system of staging was utilized and all 
cases were retrospectively staged. This 
staging system is shown in Table 1. Of the 
total 277 patients, there were a total of 230 
Stage IA, 14 Stage IB, 22 Stage II, and 11 
Stage III patients. 


METHOD OF TREATMENT 


The present series extends over a period 
of 26 years and includes the participation of 
a number of different urologists and radio- 
therapists. It 1s not surprising to find that 
treatment has been variable during this 
time interval. In earlier years, almost all 
patients had orchiectomy followed by 
retroperitoneal lymphadenectomy and 


Total Number of Oasen 
esssysags ik 


Fic. 1. Age incidence by decades is shown in 277 
cases of seminoma of the testis seen at the Walter 
Reed General Hospital during the years 1940 to 
1965. 
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Tas I 


STAGING SYSTEM OF TESTICULAR TUMORS AT 
WALTER REED GENERAL HOSPITAL 


IA "Tumor confined to one testis. No clinical or ra- 
diographic evidence of spread beyond. May in- 
clude excretory or retrograde urography, 
lymphangiography, inferior venacavagraphy 
and chest roentgenography. 

IB As in IA but found to have histologic evidence 
of metastases to iliac or para-aortic lymph 
nodes at time of retroperitoneal lymph node 
dissection. 

II Clinical or radiographic evidence of metastases 

to femoral, inguinal, iliac, or para-aortic lymph 

nodes. No demonstrable metastases above the 
diaphragm or to visceral organs. 

Clinical or radiographic evidence of metastases 

above the diaphragm or other distant metas- 

tases to body organs. 


III 


postoperative irradiation. In more ad- 
vanced cases the lymphadenectomy was 
omitted. In later years, the retroperitoneal 
lymphadenectomy was discontinued except 
for the anaplastic seminomas (this has re- 
cently also been discontinued). It 1s con- 
venient, although far from ideal because of 
selection, to find that approximately 4 of 
the cases at risk at least 5 years fall into 
each of the two groups. 

A total of 276 patients have received 
irradiation to the lymph node draining 
areas of the testicle. In earlier years only 
the inguinal, iliac, and para-aortic lymph 
nodes were included. In later years the 
mediastinal and left supraclavicular lymph 
nodes were also irradiated in all cases. In 
87 per cent of patients supervoltage equip- 
ment was utilized. This included 1 mvp. 
roentgen ray with 3.6 mm. Pb half value 
layer, 2 mvp. roentgen ray with 7.6 mm. 
Pb half value layer, and cobalt 60 tele- 
therapy with 11 mm. Pb half value layer. 
Orthovoltage equipment consisted of 220 
kvp. roentgen ray with 2 mm. Cu half 
value layer. In the majority of patients 
doses ranged from 2,000-3,000 r to each 
field in 2 to 4 weeks, although doses in 
excess of this were used very early in the 
series. 
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Tase II 
SEMINOMAS 
(WALTER REED GENERAL HOSPITAL, 1940-1960) 
Results by Staging and Treatment 
] C Orchiectomy+ Lymphadenectomy 
Orchiectomy-} Irradiation Hor edia uae Total 

Stage Relative 5 Yr. | Absolute 5 Yr. | Relative 5 Yr. | Absolute 5 Yr. Relative 5 Yr. Absolute 5 Yr. 
IA 78/80* 98% 78/89= 88% 87/88* 9995 87/92= 95% 165/168 98% 165/181 91% 
IB 5/5 100% 5/5 = 100% 7/8 » 88% 7/9 * 78% 12/13 ™ 92% 12/14 ™86% 
II 9/10 g0% 9/12 75% I/1 ™100% I/I = 100% 10/11 91% 10/13 47% 
IH 2/11:» 18% 2/11 18% o o 2/11 :31895 2/11 1895 
Total 94/106*: 8975 | g4/117* 80% | 95/97 98% | 95/102=93% | 189/203=93% | 189/219 86% 


RESULTS 


There are a total of 220 cases at risk for 
at least 5 years. Of these, 189 patients are 
known to be alive and free of tumor; 15 are 
known to have died from seminoma; 8 are 
dead from intercurrent disease; and 8 pa- 
tients have been lost to follow-up. This re- 
sults in a relative 5 year survival of 93 per 
cent and an absolute 5 year survival of 86 
per cent. The results by staging and method 
of treatment are shown in Table rr. A total 
of 117 patients were treated by orchiectomy 
and irradiation, whereas 102 patients had 
orchiectomy followed by lymphadenectomy 
and postoperative irradiation. One patient 
was treated by orchiectomy and chemo- 
therapy only. 





Of the total number of 277 cases in this 
series, 26 were diagnosed as being ana. 
plastic seminoma of which 23 were at risk 
a minimum of 5 years. Of these, 17 are 
living free of tumor, 5 are dead from tumor, 
and 1 is lost to follow-up. This results in a 
relative § year survival of 77 per cent and 
an absolute 5 year survival of 74 per cent. 
The results by staging and method of treat- 
ment in the anaplastic seminoma group are 
shown in Table ru. 


DISCUSSION 


In the past 25 years various reported 
series of testicular seminoma have shown 
an improvement in survival figures. In a 
review of a collected series of 396 testicular 


Taste HT 


ANAPLASTIC SEMINOMA 


(WALTER REED GENERAL HOSPITAL, 1940-1960) 
Results by Staging and Treatment 


hi Orchiectomy+ 
Orchiectomy + Lymphadenectomy+ Total 
Irradiation Irradiation 


Stage | Relative 5 Yr. | Absolute 5 Yr. | Relative 5 Yr. | Absolute 5 Yr. | Relative 5 Yr. | Absolute 5 Yr. 


9/11— 82% 


IA | 4/4 =100% | 4/4 =100% 
IB Oo Oo 

II 2/2 =100% 
IH o/4 = o% 


Total 6/10— 60% 


2/2 =100% | o 
0/4 = 0%} o 


6/10— 60% 


9/10— 90% 
2/2 =100% 


I1/12— 92% 


13/157 87% 
2/2 =I100% 
2/2 =100% 


o/4 = 0% 


17/23** 747 


2/2 =100% 
Q 
o 


11/13-— 85% 


t i gp gw 





17/22 77% 


^ 
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tumors by Gordon-Taylor and Wyndham? 
up to 1941, the 5 year survival rate for 
seminoma was 52.5 per cent. In 1951, Bo- 
den and Gibb! pointed out the value of 
staging in prognosis. In cases presenting 
with tumor confined initially to the testis 
(Stage 1), there was an 80 per cent § year 
survival, whereas metastases to the retro- 
peritoneal lymph nodes (Stage 11) resulted 
in only a 41 per cent 5 year survival. When 
distant metastases occurred (Stage 111), 
only 12 per cent 5 year survival was found. 
More recently, Notter and Ranudd found 
an overall 5 year survival of 75 per centin a 
series of 173 seminoma patients. In Stage 1 
there was an 88 per cent 5 year survival, 
whereas in Stage 11 there was 39 per cent 
and in Stage mI 20 per cent. In both the 
series by Boden and Gibb! and by Notter 
and Ranudd the treatment was by orchiec- 
tomy and postoperative irradiation without 
lymphadenectomy. 

In an earlier publication from Walter 
Reed General Hospital, Patton and Mallis® 
reported a 96 per cent relative and an 83 
per cent absolute § year survival in 100 
seminoma cases treated by orchiectomy, 
lymphadenectomy and postoperative ir- 
radiation. The question arises as to the 
explanation of these improved results as 
reported by Patton and Mallis. Does the 
lymphadenectomy per se explain these re- 
sults or were they influenced by selection 
and staging? An examination of the data in 
Tables 11 and ur, which include the 100 
cases of Patton and Mallis,® appears to 
warrant several conclusions. The first is 
that the addition of a retroperitoneal lymph 
node dissection following orchiectomy com- 
bined with postoperative irradiation, has 
not improved survival figures as compared 
with orchiectomy and irradiation alone 
when the stage of the disease is taken into 
consideration. The second is that the prog- 
nosis for the classical seminoma and the 
anaplastic seminoma is quite comparable 
when the stage of disease is again taken 
into consideration. Likewise, the addition 
of a retroperitoneal lymph node dissection 
to orchiectomy and postoperative irradia- 
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tion has not improved survival figures in 
the case of anaplastic seminoma. 

In spite of the favorable results in this 
series, there are Ig cases known to have 
died as a result of tumor; 15 of these are at 
risk longer than § years (Table 1v), and 4 
cases are at risk less than 5 years (Table v). 

As might be anticipated, the majority of 
the patients that died from tumor were 
advanced cases when first seen. They in- 
cluded 7 Stage 1, 2 Stage 1t, and 10 Stage 
II cases. A total of 6 of these 19 cases were 
anaplastic seminoma or a 31 per cent inci- 
dence, as compared to only a 10 per cent 
incidence in the entire series. This would 
tend to incriminate the anaplastic sem- 
inoma as being a more aggressive tumor, 
but not any less radiosensitive. 

Of the 1g patients who died from sem- 
inoma, a total of 17 patients had autop- 
sies. In 3 cases testicular tumor metas- 
tases, other than the original diagnosis of 
seminoma, were found. Two of these cases 
had metastases with mixtures of chorio- 
carcinoma and embryonal carcinoma and t 
was embryonal carcinoma alone. A fourth 
case had anaplastic seminoma metastases 
and questionable sarcoma metastases, sus- 
pected of being radiation induced, at 77 
months following the original diagnosis. 

In these 4 cases with metastases other 
than seminoma, the question can be raised 
whether mixed tumors were present ini- 
tially in the testicular tumor and not seen. 
The original biospy material was reviewed 
with this in mind and mixed tumors were 
not found in the testis specimens. However, 
the original tumor specimens had been dis- 
carded and only the slides and tissue blocks 
from the original material were available 
for review. If these 4 cases represent toti- 
potency for seminoma to change into other 
forms, it represents an incidence of only 2 
per cent in the 220 cases at risk 5 years. 

It is of considerable interest that in 7 
Stage 1 cases (6 Stage 1a and 1 Stage 1B) in 
the series that died from tumor, only 2 
were given prophylactic irradiation to the 
lymphatics of the mediastinum and left 
supraclavicular regions. In these 2 cases the 
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TABLE IV 
SEMINOMA TUMOR DEATHS AT RISK GREATER THAN 5 YEARS 
us Time of 
Case Pathology Diagnosis | Pathology Diagnosis | OFL Radiation 
No. Stage of Testicle at Autopsy OER +R us Mou Treatment 
á (wk.) 
3 IA Anaplastic seminoma | No autopsy + | Ap BS 3,709; §, 400 I2; 13 
7 IA Seminoma Seminoma 4 A, B 2,000; 2,000 2:2 
II IA Anaplastic seminoma | Anaplastic seminoma | -+ A, B 3,200; $,000 6:8 
Sarcoma? 
13 IA Seminoma Seminoma 2,000; 2,000 2; 2 
6 IB Seminoma Seminoma 2,200; 5,600 2; 7 
I II 30 41 | Seminoma Seminoma 3,600; $,700 8; 12 
2 TII 23 $ | Anaplastic seminoma | Anaplastic seminoma 2,000; 5,000 2; 3 
4 III | 31 I | Anaplastic seminoma | Choriocarcinoma 
Embryonal 
$ II 44 9 | Seminoma Seminoma 3:3 
Ji 3 
8 II Anaplastic seminoma | Choriocarcinoma 2; 4 
Embryonal 2; 2 
9 199% Anaplastic seminoma | Embryonal 2; 3 
2 
10 III Seminoma No autopsy II;I2 
12 TII Seminoma Seminoma 2; 4 
2; 3 
I4 HI Seminoma Seminoms 2; 2 
2; 3 
Ig HI 45 4 | Seminoma Seminoma 2; 3 
1 Q4 R= Orchiectomy, irradiation. 


t O-- LR» Orchiectomy, lymphadenectomy, irradiation. 
+ Aw Inguinal, iliac lymph nodes. 

4 B= Para-aortic lymph nodes. 

5 C» Mediastinal lymph nodes. 

* D Left supraclavicular lymph nodes. 


recurrent tumor appeared a short time fol- 
lowing treatment and was outside the irra- 
diated fields. In 1 case this occurred in the 
right lower lobe of the lung and in the 
second case in the liver. It is presumed that 
these metastases were present when the pa- 
tient was initially treated, but were un- 
diagnosed. 

During the early years in this series, irra- 


diation was only given to the inguinal, iliac, 
and para-aortic lymph node drainage areas. 
The mediastinal and supraclavicular lymph 
nodes were irradiated only when positive 
metastases were found in the inguinal, iliac, 
and para-aortic lymph nodes. In the 5 
Stage 1 deaths not given prophylactic irra- 
diation to the mediastinum or supraclavic- 
ular regions, the tumor metastases first ap- 
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TABLE V 
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Y 
H 


SEMINOMA TUMOR DEATHS AT RISK LESS THAN § YEARS 





] i les AU | | | | 
| j | Time | | | | | 
1 i 1 i t H [ 
| i | from | i | | | Time of 
1 pias i j | A | ime o 
E | i eg | PEAR i op ior i ca i EE EE. TE veia. | | O4 Area | Load ur. 
Case | « | Age =") Pathology Diagnosis | Pathology Diagnosis i, , po OL | + i| eee fe) | Radiation 
v ^ | 9tdgel. a | nosis | BA a 5 Cm jO+ Re » | Treated | Dose ir) | 
No. | | (vr) | of Testicle at Autopsy | RBR*j,.-.- | Treatment 
| | | to | | | | Initially |o (wk) 
| i Death | | i | | ee 
ROMS | | | | | 
| mo | | | | | 
c Pe mnm D annm enin p— — -———— JV— —M E ————— e Óà usse vut act EO ESEE Eie —— tenga wnt ———— x 
EE : | | w NS | ; | 
16. 1^ Db 425 | 17 | Seminoma Seminoma, | + | | A B, | 22000; 2, 000-1 2:2 
i F E i i j i } TAS : 
| i | i embryonal i i i C D$ | 2,000:2,000 | 2:4 
Roca CREE —Ó———— | yuereneneennnnene el ccc cris iiu eU tb MEE cts e Mer ceil do RR enon dove E AE m marine besa inetungm Pan A ARA RINT | PUES | m —- | feque ENS | EE E NCPERNORRMCQUN UN EEA E 
17 | IA 41 | 27 | Seminoma No autopsy Dod 3 | A,B, | 2,000;2,000 | 2:4 
| MEME | 
| | | | | LOC D» | 2,000;2,000 | 2;2 
18 D HEF 33 dO 22 | Seminoma Seminoma boc | | A,B, | 2,000; 2,000 | 2:2 
| | | ! | C,D | 2,c00;2,000 | 2:12 
OE URN | ei M i tea, es ee à RR A er ME ae eae d mr a — rM ——À M —À ee | PE Aera — seme 
19 | TA | 25 | 20 | Seminoma Seminoma EL EE | A,B, | 2,000;2,000 | n: 
| | | | | | | C,D | 2,000;2,000 | 2:2 
i i i t i | 


2O-+L+ R= Orchiectomy, lymphadenectomy, irradiation. 
3 A= Inguinal lymph nodes. 

4 B= Para-aortic lymph nodes. 

5 C= Mediastinal lymph nodes. 

6 D= Left supraclavicular lymph nodes. 


peared in these areas. Later, additional ir- 
radiation controlled these metastases for 
various periods of time, but subsequent dis- 
tant metastases resulted in the death of 
these patients. 

The question arises as to the possible 
complications of prophylactic irradiation to 
a total dose of 2,000 r in 12 to 14 days to 
the mediastinum and supraclavicular re- 
gions. To date there have been no com- 
plications resulting from such treatment. 
Consideration was especially given to the 
possible development of radiation pneu- 
monitis and leukemogenesis, but no such 
complications have been found. 

In the present series there were 47 cases 
with proven metastases. Based on a 10 per 
cent incidence of metastases in Stage I cases 
when lymphadenectomy was done, the 
total estimated number of cases with metas- 
tases would be 62. Analysis of the response 
of lymph node metastases from seminoma 
has indicated that an optimum dose of 
radiation 1s 3,000 r in 3 weeks with super- 
voltage radiation. Instances of local re- 
currence have been found after 2,000 r in 2 


weeks for clinically positive lymph node 
metastases, but none after doses of 3,000 r 
unless widespread metastases were present 
and reseeding from distant sites may have 
occurred. 


CONCLUSIONS 


1. Seminoma is a highly radiocurable 
tumor and prognosis is directly related to 
the extent of disease when first seen. Tumor 
staging is valuable in estimating prognosis. 

2. A pure seminoma is a distinct entity 
and the so-called anaplastic seminoma has 
the same prognosis as a classical seminoma 
when staging is taken into consideration. 

3. Prophylactic irradiation of medias- 
tinal and left supraclavicular lymphatics in 
addition to inguinal and abdominal para- 
aortic lymph nodes following orchiectomy 
appears warranted and has been performed 
without complications. A minimum tumor 
dose of 2,000 r in 2 weeks with supervoltage 
radiation has been adequate for prophylac- 
tic irradiation 1n such cases. 

4. A minimum tumor dose of 3,000 r in 3 
weeks for clinical metastases in lymph 
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nodes is necessary for sterilization of such 
lymph nodes. 


SUMMARY 


A review of 277 cases of seminoma of the 
testis is presented with particular reference 
to comparison of treatment methods. The 
relative 5 year survival in 220 cases has 
been found to be 93 per cent and the ab- 
solute § year survival is 86 per cent. The 
results in cases with similar staging show no 
difference when treated by orchiectomy 
and irradiation versus orchiectomy, retro- 
peritoneal lymphadenectomy and irradia- 
tion. The so-called anaplastic seminoma 
has been found to respond to treatment in a 
manner similar to the classical form of 
seminoma. The recommended treatment of 
choice for seminoma of the testis 1s orchiec- 
tomy followed by postoperative irradiation 
to the lymph node draining areas including 
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the inguinal, iliac, para-aortic, mediastinal 
and left supraclavicular areas. 


John G. Maier, Lt. Colonel, MC, USA 
Radiation Therapy Section 

Walter Reed General Hospital 

Walter Reed Army Medical Center 
Washington, D. C. 20012 
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CANCER OF THE OVARY* 


A TWENTY-ONE YEAR STUDY OF 1,722 PATIENTS TREATED IN 
THE ONTARIO CANCER CLINICS, 1938-1958 INCLUSIVE 


By J. H. MAUS, M.D., C.R.C.P.(C),t E. N. MACKAY, M.D., C.M., D.P.H.,t 
and A, H. SELLERS, C.D., B.A., M.D., D.P.H.§ 


WINDSOR, ONTARIO, CANADA 


HE Ontario Cancer Treatment and 

Research Foundation was incorpo- 
rated in 1943 by a special act of the legisla- 
ture of the Province of Ontario. The Can- 
cer Act, which also reconstituted the 
Ontario Cancer Institute, states that “The 
object of the Foundation is to establish and 
conduct a programme of research, diagno- 
sis and treatment in cancer, including ten 
categories involving research, service for 
and treatment of cancer patients." The 
act also provides for training of technical 
personnel and the provision and awarding 
of research fellowships. 

Approximately 15 years ago, the former 
Medical Director of the Foundation, Dr. 
W. G. Cosbie, in consultation with other 
directors and Dr. A. H. Sellers, established 
regular clinical conferences. In thé ensuing 
period there have been 16 separate clinical 
reviews, and they have been held annually 
for the past 13 years. The resultant reports 
probably represent the largest single retro- 
spective studies of clinical material, by 
site in a restricted period. 

The Twelfth Annual Clinical Conference 
was held at the University Center, Uni- 
versity of Windsor, Windsor, Ontario, on 
November 5, 1965 with the general sub- 
ject, “Cancer of the Ovary.” 

Nearly all of the radiotherapy admin- 
istered in the Province of Ontario is given 
at the clinics of The Ontario Cancer Treat- 
ment and Research Foundation, or at the 
Ontario Cancer Institute. In the 21 year 
period, 1938 to 1958 inclusive, 1,983 pa- 
tients with a clinical diagnosis of cancer of 


the ovary had been referred to the seven 
regional clinics of the Foundation or to the 
Ontario Cancer Institute, for consideration 
of radiotherapy. Selected for study were 
the records of 1,722 patients who received 
their initial radiotherapy at the clinics or 
were untreated anywhere. 

Using the latest age specific incidence 
rates of ovarian cancer published by the 
Connecticut Tumor Registry for 1947 to 
1951, it was estimated that, during the 21 
year period, only 29 per cent of the cases 
with ovarian cancer available in the Pro- 
vince of Ontario had been referred to the 
clinics. Many patients with strictly local- 
ized or borderline lesions, those in the 
oldest age groups and those with terminal 
disease, had apparently been excluded. 

During the last 7 years of the period of 
study, the percentage of available cases 
referred for consideration of radiotherapy 
rose to 40 per cent. More of those with 
advanced disease were included. This 
latter period corresponds roughly to the 
general availability of cobalt 60 telether- 
apy in the clinics. Despite less favorable 
clinical material, the crude survival rate at 
5 years has remained relatively unchanged. 

At the fifth anniversary of the commence- 
ment of treatment anywhere, 25 per cent of 
the 1,722 review group patients were alive 
and apparently cancer-free. Three per cent 
were alive with cancer or with condition 
unknown. Sixty-seven per cent had died 
from ovarian cancer or unknown cause, 3 
per cent from other causes, and 2 per cent 
were untraced. Of the 1,119 patients at risk 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
T Director, Ontario Cancer Foundation Windsor Clinic, Windsor, Ontario, Canada. 
1 Cancer Section, Research and Planning Branch, Ontario Department of Health, Toronto, Ontario, Canada. 


§ Assistant Di 


Treatment and Research Foundation, Toronto, Ontario, Canada. 


Director, Research and Planning Branch, Ontario Department of Health, and Medical Statistician, The Ontario Cancer 
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E 10 Pian 20 p cent were p Vio 
ad died Bem ovaa cancer or RU 
cause, and 4 per cent were untraced. 

A diagnosis of malignancy was confirmed 
in 93 per cent of the cases. 

For the purpose of this paper, discussion 
is limited to consideration of histologic 
classification and clinical staging, the rela- 
tion of both to treatment method and 
survival and certain other factors influenc- 
ing survival, 

Several authors?i? have reported diff- 
culty in the comparison of results between 
treatment centers because of lack of uni- 
formity of histologic 


the International Federation of Gynaeco- 
logv and Obstetrics have attempted to re- 
solve the problem bv proposals in both 
categories for the common primary epi- 
thelial tumors of the ovary.’ An unsuccess- 
ful attempt was made to apply these sug- 
gestions retrospectively to the material in 
this conference. It was estimated that the 
histologic classification recommended by 
the International Federation of Gynaeco- 
logy and Obstetrics would have excluded 
three-tourths of the diagnoses recorded in 
the several clinics for this study. An em- 
pirical classification closely corresponding 
to that of Novak, Novak and Woodruff” 
was chosen. This yielded 3 fairly homo. 
geneous groups and 1 miscellaneous group: 
(1) Cystadenocarcinoma, 44.4 per cent; (2) 
solid carcinoma, 39.2 per cent (may include 

an unknown number of cystic tumors); 
(3) embryonic carcinoma, 7.6 per cent; and 
(4) other and unspecified, 8.8 per cent. 
We have grouped carcinomas occurring in 
dermoid cysts as teratocarcinoma, while 
Novak e£ a/.^^ placed them with the cystic 
group. 





CRUDE SURVIVAL RATES 


HISTOLOGIC CLASSIFICATION 
Patients with cystadenocarcinoma, yield- 
ing a crude § year survival rate of 37 per 
cent, or those having embryonic carcinoma, 
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description and of 
clinical staging. The Cancer Committee of 
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with a crude § vear survival rate of si per 
cent, have done better than those with 
solid carcinoma (15 per cent) and those 
with miscellaneous tumors (20 per cent) 
(Vig. 1). If the tumor was cystic, patients 
with mucin-containing lesions had a higher 
survival rate (46 per cent) than those with 
serous cystic tumors (37 per cent), or 
cystadenocarcinoma not specified as mucin- 
ous Or serous (33 per cent). 


CLINICAL STAGING 


A similar difficulty was encountered in 
attempting a uniform method of clinical 
staging (Fig. 2). Four clinical stages were 
used, classified as: 1. localized to the ovary; 
u. limited extension beyond the ovary: 
IJ, metastases to other pelvic organs, 
ascites; and 1v. metastases bevond these 
limits. 

Rupture of a cyst in our study 
appear to aftect the outlook 
These 4 stages had 
survival rates (66.2, 48.4, 19.5, and 5.9 per 
cent). Median survival f7mes for the 4 
stages were 60, 56.6, 14.4, and 7.3 months, 
respectively, 

If Stages 1 and n are grouped and termed 
"early" cases, only $587 of our patients 
could be included. Their $ year survival 
rate was 53.5 per cent. The remainder were 
classified as "late," comprising 1,070 cases, 
and had a § year sürwival rate of a 13.4 
per cent. Thus approximately two-thirds of 
patients had reported late in their illness 
with a minimal chance for survival. 

In general, the treatment of choice 
wherever practicable has been panhvsterec- 
tomy (including bilateral salpingo- oophor- 
ectomy) followed by external radiotherapy. 
Some of the patients in this series received 
chemotherapy and some were treated with 
intraperitoneal radioactive gold, but groups 
of these two treatment modalities were too 
small for real statistical evaluation. Wher- 
ever complete surgical removal of all gross 
disease (including uterus and adnexa) was 
possible, the survival rate showed improve- 
ment and the likelihood of early and late 
recurrence was significantly lower than in 


did not 
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EMBRYONIC CARCINOMA, EARLY 
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Fic. 1. Crude survival rates by histologic group and extent. 


patients treated by incomplete surgical 
excision. 

Several essayists in the course of the 
conference expressed the opinion that the 
$ year survival rate was not increased if 
prophylactic postoperative radiotherapy 
was given following complete excision of 
the uterus and adnexa with cancer confined 
to one ovarv (Stage 1). 


DISCUSSION 


In a small group of 33 patients included 
in this series treated by surgery alone, the 
5 year crude survival rate was 66.7 per cent. 
For a similar small group of 28 patients 
with early disease included in the survey 
and treated by complete surgical excision 
followed by cobalt 60 beam therapy, there 
was an absolute survival rate of $7.9 per 
cent. This same experience has been re- 
ported by Holme? in England. For patients 
treated between 1936 and 1955 he recorded 
5 year crude survival rates of 60 per cent 
for patients with early ovarian cancer 


treated by surgery alone and $2.6 per cent 
for those treated by surgery plus radio. 
therapy. On the other hand, patients with 
dvsgerminoma, solid carcinoma and ana- 
plastic serous cystadenocarcinoma, and 
those with incomplete removal of uterus or 
adnexa, have benefited from postoperative 
radiotherapy. Doses varving between 2,000 
rads in 4 weeks administered as an abdomi- 
nal bath for dysgerminoma, and 5,000 rads 
in 4 weeks to the pelvis to the level of the 
umbilicus for other cases, have been given. 

In general, all other stages were treated 
bv radiotherapy with the exception of those 
patients with terminal cancer. Some centers 
considered teratocarcinoma and mucinous 
carcinoma as totally radioresistant and 
have not treated these patients by radio- 
therapy. There has been disagreement as to 
the radioresponsiveness of most of the epi- 
thelial tumors, ?/?.! Statistical analysis of 
our material has supported the impression 
that radiotherapy has added to the effici 
ency of surgical treatment among the late 
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cases. Survival rates at each of the first 5 
anniversaries (Fig. 3) were higher after 
surgery with radiotherapy than after sur- 
gery alone.* For the late cases, the median 
survival time was 15 months following 
surgery with radiotherapy contrasted with 
to months following surgery alone. Sixteen 
per cent of late cases were recurrence-free 
for 5 years or more and only 6 per cent 
treated by surgery alone survived 5 years. 
In those patients treated by radiotherapy 
alone, the mean survival time was 6 to 7 
months compared with the untreated group 
in which the survival time was 3 to 4 
months. 


SUMMARY 


I. In the 21 year period 1938 to 1958 in- 
clusive, 1,983 patients with a diagnosis of 
cancer of the ovary were registered with the 
7 regional clinics of The Ontario Cancer 
Foundation and the Ontario Cancer In- 
stitute. Selected for study were 1,722 pa- 
tients treated by radiotherapy or untreated 
anywhere. 

2. Survival rates vary inversely with 
clinical staging and with the histologic 
type. 

3. Radiotherapy has not increased the 
survival rate after complete surgical re- 
moval of Stage 1 cancer of the ovary over 
that obtained by surgery alone. 

4. In all other stages the addition of 
radiotherapy has added to the efficiency of 
surgical treatment. 


5. There is a need for a uniform system 


* Copies of the full proceedings are available at the office of The 
Ontario Cancer Treatment and Research Foundation, 69 Bloor 
Street East, Toronto 5, Ontario, Canada. 
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of reporting clinical stage and histologic 
type. 


J. H. Maus, M.D. 

Windsor Clinic 

'The Ontario Cancer Foundation 
1995 Lens Ávenue 

Windsor, Ontario, Canada 
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TREATMENT OF LYMPHOMAS WITH MEDIUM 
KILOVOLTAGE EQUIPMENT AND INCIDENCE 
OF RECURRENCES* 


By HERBERT F. JOHNSON, M.D.,t and RONALD H. PERR Y, Lr. Coroner, MC, USAt 
HE purpose of this paper is to review HODGKIN'S DISEASE 


the experience and results of radio- 
therapy for lymphomas over an extended 
period of time and the incidence of recur- 
rences. During the period reviewed (1946 
to 1962) medium voltage therapy in the 
range of 250-280 kvp. was used with the 
dose varying up to a high of 4,000 r. Nu- 
merous papers have recently appeared in 
the medical literature regarding the treat- 
ment of lymphomas; however, most of 
these authors have had higher voltage 
equipment available. 


MATERIAL 


One hundred and sixty-seven patients 
were reviewed in this study and were 
categorized into the following: Hodgkin's 
disease—108 patients; lymphosarcoma— 


26 patients; reticulum cell. sarcoma—23 
patients; and giant follicular lymphoma— 


10 patients. All pathologic specimens were 
reviewed by the Armed Forces Institute of 
Pathology. Each of these disease groups 
was studied separately for the evaluation 
of survival and effects of therapy. Re. 
currences in previously irradiated sites 
were considered in the 108 patients with 
Hodgkin's disease in view of the initial 
tumor dose delivered. 

The staging used in this study was es- 
sentially that outlined by Peters and 
Middlemiss," that is: 

Single site or one lymphatic re- 
gion 
Stage H Two or three contiguous lym- 
phatic regions 
Stage III Two or more distant lymphatic 
regions. 


Stage I 


There were 108 patients who had a his- 
tologic diagnosis of Hodgkin's disease. In 
this group there were 45 patients with Stage 
1, 28 patients with Stage ir, and 35 patients 
with Stage 111 disease. The age distribution 
is shown in Table 1 with a preponderance 
in the late teens and twenties, as would be 
expected in the age group seen in a military 
installation. The male:female breakdown 
was 84:24, while the male: female ratio for 
admissions during this same period of time 
was almost 50:50, attesting to the higher 
incidence in male patients. 

The race distribution during the time 
studied revealed 105 Caucasians to 3 Ne- 
groes while the corresponding admissions to 
this hospital were g1 per cent Caucasian. 
In terms of survival there were 108 patients 
who were diagnosed § or more years ago 
and 39 who were diagnosed more than 1o 
vears ago. The survival rate in the Stage 1 
group was 30/45 or 67 per cent at 4 years 


"T 


and 14/22 or 64 per cent at 10 years. In the 


TABLE | 


AGE DISTRIBUTION IN HODGKIN'S DIS EASE 


Number of 


Age 
(vr.) Patients 
Qu E v 
11720 20 
2p D4 
yi gO 14 
41-80 4 
Si-O 2 
Over 60 2 
Total 108 


* From the Radiation Therapy Section, Fitzsimons General Hospital, Denver, Colorado. 


* 
[i 


T Radiology Service, Tampa General Hospital, Tampa, Florida. 


$ Radiation Therapy Section, Radiology Service, Walter Reed General Hospital, Walter Reed Army Medical Center, Washing- 


ton, D. C, 
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Stage 11 group, the survival was 11/28 or 
39 per cent at § years and 2/10 or 20 per 
cent at 10 years. In the Stage 111 group, the 
survival was 13/35 or 37 per cent at 5 years 
and 2/7 or 29 per cent at 10 vears. The 
over-all survival rate for  vears was 54; 108 
or £o per cent and for Io years was 18; 34 or 
46 per cent from the time of diagnosis 
(Table 1). Survival was calculated on an 
absolute survival basis and patients lost to 
follow-up were considered deceased at the 
time of their last follow-up visit or later. 
These patients were further reviewed as 
to the recurrences in sites previouslv 
treated. The purpose of this evaluation was 
primarily to relate the recurrences to the 
md tumor dose AME medium AP 


ER TE we ene to the cri- 
terion that the patient survived more than 
| vear after treatment in order to exclude 
those who showed local recurrences in addi- 
tion to generalized disease. There were 34 
local recurrences (Table 111) in 26 patients, 
of whom io were still living at the time of 
this study. In this group of patients, 11 of 
the recurrences were within 1 vear of the 
initial therapy, 8 were between 1 and 2 
vears, § between 2 and 3 vears, 6 be. 
tween 3 and 4 years, and 4 after 4 vears. Of 
interest in this group was c fact that only 
I recurrence occurred when the initial 
dose was above 3,000 r. 


LYMPHOSARCOMA 


There were 26 patients with a diagnosis 
of lymphosarcoma, 25 of whom were 


treated § or more vears prior to the under- 


Tague H 


SURVIVAL BY STAGE IN HODGKIN'S DISEASE* 








Cases | Fi ive ME ears | Ten Years 
Stage I 45 | 30/45 67% | 14/22 64% 
Stage II 28 | 11/28 39% | 2/10 20% 
Stage Il 35 | 13/35 3706 | 2/7 239% 
an Stages 108 | 54/108 so% | 18/34 46% 


* Represents absolute survival as 4 Stage 11 cases were lost to 
5 year follow-up and 3 Stage 1 and 1 Stage mi cases were lost to 
10 year follow-up. 
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taking of this study. There were 7/25 or 28 
per cent still alive at the end of § years. 
There were 21 patients who were treated 10 
or more years ago with 4 living beyond 10 
vears for 1g per cent 1O vear survival. 
There were 17 Stage 1, 2 Stage 11, and 6 
Stage III patients seen at the initiation of 
therapy. None of the Stage 11 patients 
lived beyond § years; however, 1 patient 
with Stage 11 lived beyond 10 vears (Table 
Iv). 


RETICULUM CELL SARCOMA 


There were 23 patients reviewed with 
the histologic diagnosis of reticulum cell 
sarcoma, 22 of whom were treated § or more 
years before the undertaking of this study 
with 3/22 or 13.6 per cent 5 year survival 
rate. There were 17 patients who were 
treated over 1o vears ago; only 1 survived 
over 10 years to die of his disease at 12 
years. At the time of this study none of the 
patients who were diagnosed as having 
reticulum cell sarcoma were alive. There 
were 1§ patients with Stage 1, 4 patients 
with Stage rr, and 4 patients with Stage 111. 
All ç and 10 year survivals were from the 
Stage 1 group. The initial therapy on these 
patients varied from none in 3 patients to 
4,000 r (Table 1v). 


GIANT FOLLICULAR LYMPHOMA 


The last disease group to be considered is 
giant follicular lymphoma which comprised 
only 10 patients in this studs : (8 of whom 
were treated 5 or more vears prior to our 
report): 6/8 or 75 per cent were living at 
the end of 5 vears. There were 7 patients 
who were treated more than 10 years prior 
to the study of whom 4 are still living. In 
the Stage breakdown, there were 8 in Stage 
1, and 2 in Stage mt with 1 of the Stage im 
patients still living at the end of 10 vears 


(Table v). 
DISCUSSION 


It is difficult to compare survival rates in 
most diseases due to the various types of 
staging for the same disease and the de- 
pendence upon the experience of the physi- 
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Fagre HI 
LOCAL RECURRENCE IN HODGKIN'S DISEASE 
Case Initials Dose Site M ids Final Outcome 
Recurrence 
(mo.) 

1 C.D. 400 Right axilla 35 Living at 84- vears 

2 W.F. 600 Left cervical 4 Dead at 3 vears 

5 W.B. 600 Right supraclavicular 50 Dead at 74- years 

4 E. 700 Right inguinal oa Dead at 8-+-vears 

T FS. 760 Mediastinum A Dead at 8+ years 

fy R.D. TOO Right cervical ig Dead at 3 vears 

F W.H. 800 Left cervical 66 Dead at 104 years 

8 H.R. Boo Left cervical 27 Dead at g+ years 

9 T.F. GOO Mediastinum 28 Dead at 7+ years 
IO E.M. Goo Right inguinal 5 Dead at 24- years 
r1 C.D. 1,000 Right cervical $ Living at 8-- years 
12 B.D. 1,000 Left axilla 7 Living at 44- vears 
13 H.R. 1,000 Liver and spleen 34 Dead at 94- years 
rä RH. 14200 Left cervical $7 Living at 124- vears 
ig W.H. 1,200 Left inguinal 17 Dead at 10+ years 
16 WEF. 1.200 Left cervical » Living at 12-- years 
17 JC. 1,250 Mediastinum 24 Dead at 34- years 
18 EP Paco Left axilla 3 Living at 6+ years 
1g M.L 1,300 Right cervical 23 Living at 24- years 
20 M.L. 1,000 Left cervical E Living at 2-+ years 
21 A.R. 1,400 Right cervical 40 Living at 7-+-years 
24 ALR. 1,400 Left cervical i4 Living at 2-- years 
23 C.D. i 650 Mediastinum y Living at 84- years 
24 I.M. 1,600 Left cervical £4 Dead at 11-- years 
26 N.G. 1,600 Right cervical rni Dead at 4-- years 
26 D.R. 1.750 Right cervical 41 Living at 74+ years 
27 P.J. 1,850 Right inguinal rns Dead at 12-- years 
28 A.B. 1,900 Right cervical 44 Living at 4- vears 
29 S.B. 2,000 Right cervical 4 Dead at 34- years 
30 Reli aoo Right cervical 4g Living at g+ years 
ot M.G. 2,000 Mediastinum 3 Dead at 1+ years 
E TP 2,200 Right cervical 18 Living at 64- years 
33 Tso: 2,500 Mediastinum 15 Dead at 6-4- years 
34 LR 3,200 Mediastinum $4 Dead at g+ years 


cian who stages the patient. The latter is 
also true in the lymphomatous diseases; 
however, the staging technique outlined bv 
Peters and Middlemiss," due chiefly to its 
wide acceptance, has allowed a fair com- 
parison to be made. In this paper the pres- 
ence or absence of constitutional symptoms 
has not been included as a subdivision of 
Stage 11 due to incompleteness of the older 
clinical records. 


Hodgkin in 1832 and the roentgen ray 
treatment since 1902 has changed periodi- 


cally until at the present time doses above 
3,000 r are considered necessary for ade- 
quate therapy and prevention of recur- 
rences. The chief difference of opinion 
among radiologists is the value of prophy- 
lactic treatment; however, a discussion of 
this point is not the purpose of this paper. 

In comparing our results with others it is 
noted that the § year survival varies con- 
siderably, although the survival rate does 
decrease markedly once the patient has 
developed constitutional symptoms. The 
majority of the series reported stressed the 
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importance of megavoltage equipment for 
therapy, but in Hodgkin’s disease and 
giant follicular lymphoma this is felt to be 
desirable although not necessary. In the 
treatment of lymphosarcoma and reticulum 
cell sarcoma, megavoltage therapy is felt to 
be necessary since with medium voltage 
therapy for the treatment of large areas, 
doses above 4,000 r are rarely obtainable. 

In the Hodgkin's disease group the male 
and Caucasian preponderance reported by 
others was noted in this series, although the 
age and sex figures are weighted in a mili- 
tary installation which is necessarily selec- 
tive; however, survival rates compare fa- 
vorably with the reviewed studies. The fact 
that it is higher in many instances may be 
due to our lower age at the primary ap- 
pearance of the disease. 

In comparing our survival rates of the 
other lymphomatous diseases studied, a 
somewhat lower survival rate 1s noted as 
compared to those reported in the litera- 
ture. Although we have separated our 
lymphosarcoma and reticulum cell sarcoma 
cases, we believe, as does del Regato, that 
they are not separate entities and should be 
combined 1n statistical comparison. In the 
case of lymphosarcoma and reticulum cell 


Tasis IV 


SURVIVAL BY STAGE IN LYMPHOSARCOMA 
AND RETICULUM CELL SARCOMA 


Cases Five Years Ten Years 
Lymphosarcoma 
Stage Í 17; = 6/17 (35.3%) 3/14 (21.4%) 
Stage II 2 1/2 (50.0%) 1/2 (50.0%) 
Stage lll 7 0/6 ( 0.0%) o/s ( 0.0%) 
All Stages 26* — 7/25 (28.0%) 4/21 (19.0%) 
Reticulum Cell Sarcoma 
StageI 15 3/14 (21.4%) 1/11 ( 9.1%) 
Stage II 4 of4 ( 0.0%) o/2 ( 0.0%) 
Stage II 4 0/4 (0.0%) 0/4 ( 0.0%) 
All Stages 23] 3/22 (13.6%) | 1/17( 5.9%) 


Lymphosarcoma and Reticulum Cell Sarcoma 
All Stages 49 10/47(21.390) 5/38 (13.2%) 


* 25 patients were treated g or more years prior to this report. 
T 22 patients were treated 5 or more years prior to this report. 
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TABLE V 
SURVIVAL BY STAGE IN GIANT 
FOLLICULAR LYMPHOMA 
Cases Five Years Ten Years 

Stage] 8 | 5/7( 71.4%) | 3/6( 50.0%) 
Stage Il o re) o 
Stage III 2 1/1 (100.0%) 1/1 (100.0%) 
All Stages 10* | 6/8( 75.0%) | 4/7( 57.190) 


* 8 patients were treated 5 or more years prior to this report. 


sarcoma our combined over-all 5 year 
survival rate is 21.3 per cent as compared to 
26.5 per cent as reported by Cook et al. 
Scheer! reported on Stage 1 lymphomas 
and had a 75 per cent § year survival in 
lymphosarcoma and 60 per cent 5 year 
survival in reticulum cell sarcoma, while 
ours, when separated, reveals a 35.3 per 
cent and 21.4 per cent 5 year survival, 
respectively. The minimum dose required 
for the radical treatment of these lympho- 
mas is 4,000 r and above, which is difficult 
to obtain with medium voltage equipment. 
In the patients evaluated in this study, the 
patients having lymphosarcoma and re- 
ticulum cell sarcoma showed a rather rapid 
progression toward generalized disease with 
only 2 patients surviving more than I year 
after the local recurrence, one in each 
group. 

In giant follicular lymphoma our 5 year 
over-all survival rate was 75 per cent which 
is somewhat higher than that reported by 
Cook ef al.} and the others quoted in his 
paper; however, our series is too small for 
comparison. In our series 2 patients with 
tumor doses as low as 1,000 r did not dem- 
onstrate local recurrences until 1 and 13 
years following the initial therapy. 


SUMMARY 


I. In spite of the variable dose initially 
used in the treatment of Hodgkin's dis- 
ease, the long term survival is in the general 
range as compared to institutions where the 
initial tumor dose is above 2,500 r; how- 
ever, the problem of local recurrences and 
subsequent retreatment to local sites re- 
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mains a problem in cases where the initial 
tumor dose is below 3,000 r. 

2. The response of lymphosarcoma, re- 
ticulum cell sarcoma and giant follicular 
lymphoma, as treated at this institution, 
does not indicate a homogeneous group as 
reported from other institutions. Only the 
giant follicular lymphoma appears to hold a 
satisfactory survival rate when treated by 
means of medium voltage therapy. 

3. On the basis of our material, it would 
appear that an effort should be made to 
have patients with lymphosarcoma and 
reticulum cell sarcoma treated at institu- 
tions where supervoltage or cobalt 60 ther- 
apy is available. 


Ronald H. Perry, Lt. Colonel, MC 
Radiation Therapy Section 
Walter Reed General Hospital 
Washington, D. C. 20012 
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A STUDY OF SURVIVAL IN 279 CASES OF 
HODGKIN'S DISEASE* 
By CARL W. BOYER, Jr., Lr. CoLoneL, MC, USA, THEODORE J. BRICKNER, Jr., 
Lr. Coronet, MC, USA, and RONALD H. PERRY, Lr. Coronet, MC, USA 


WASHINGTON, D. C. 


iG SPITE of overwhelming evidence to 
the contrary, the myth of the universal 
fatality of Hodgkin’s disease continues to 
be propagated. Easson? calls this "the 
pernicious policy of pessimism, pills, and 
procrastination.” Analysis of the results 
of treatment of the series of patients 
treated at Walter Reed General Hospital 
clearly illustrates the positive impact of 
therapy on survival and is an effective 
argument for optimism and vigorous ther- 
apy. It is the purpose of this communica- 
tion to document this experience, to com- 
pare it with that of other investigators, to 
emphasize the parameters of therapy which 
need further clarification, and to indicate 
how this may be accomplished to further 
improve the already significant survival in 
this disease. 


CLINICAL MATERIAL 


In 1955 Healy e£ al.’ reported the experi- 
ence at Walter Reed General Hospital 
from 1938 to 1949 in treating 219 cases of 
Hodgkin's disease primarily with roentgen 
rays. It was notuntil 1949 that a functional 
tumor registry began operation and un- 
fortunately the records of this earlier 
study group could not be made available 
for inclusion in the present report. Since 
1949, 400 additional patients have been 
treated; 279 have been at risk for 5$ years 
and 170 for 10 years. Twenty patients were 
lost to follow-up and 6 patients died of 
intercurrent disease. All but 2 of these 26 
patients were considered dead from Hodg- 
kin's disease. These 2 patients who died 
IO or more years after treatment of un- 
related causes, had no evidence of Hodg- 
kin's disease at autopsy, and were con- 


sidered as survivors. All cases were staged 
retrospectively by the criteria given in 
Table 1,4. The distribution of patients ac- 
cording to stage is shown in Table 11 along 
with similar tabulation from 2 other well- 
known series. The diagnosis was estab- 
lshed by tissue biopsy in every case and 
the slides were interpreted or reviewed by 
the Walter Reed General Hospital pathol- 
ogy service. Reed-Sternberg cells were 
identified in all cases and were considered 
the sine qua non for the diagnosis. 

In general, the earlier cases were treated 
primarily by radiation. In Stage 1 and r1, 
tissue doses varied from 2,400 to 2,800 
rin 2 to 4 weeks. Orthovoltage radiation 
(200 kvp., 20 ma., half value layer 1.02 
mm. Cu, ṣo cm. target skin distance) was 
used for lesions in the neck, axillae, and 
groin, whereas supervoltage radiation 
(1,000 kvp., 3 ma., half value layer 3.6 mm. 
Pb, 70 cm. target skin distance) was used 
preferentially for the mediastinum and 
abdomen. In Stage 111 cases the doses of 
radiation were quite variable but were 
mostly of the order of 2,500 r in 2 to 4 
weeks to involved areas. There was no 
firm policy to determine whether ortho- 
voltage or supervoltage radiation would 
be used. Chemotherapy and steroids were 
given alone or with irradiation in various 
schedules, generally in the more advanced 
cases, whether primary or recurrent. 


RESULTS 


The results of treatment are summarized 
in Tables 11, 1v and v. When comparing 
the results of treatment in different institu- 
tions, a number of variables can make com- 
parison of numbers representing per cent 


* From the Radiation Therapy Section, Radiology Service, Walter Reed General Hospital, Walter Reed Army Medical Center, 


Washington, D. C. 
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TABLE I 


STAGING OF HODGKIN'S DISEASE 


B. Staging according to Peters and Middlemiss'(1958) 


A. Staging according to Kaplan‘ (1966) 

Stage I Single abnormal lymph node 

Stage II Two or more discrete abnormal lymph 
nodes, limited to one side of the dia- 
phragm 

Stage III Disease on both sides of the diaphragm 
but limited to lymph nodes, spleen, or 
Waldeyer’s ring 

Stage IV Involvement of bone, bone marrow, 
lung parenchyma, pleura, liver, skin, 
gastrointestinal tract, central nervous 
system 
Kidney or sites other than lymph nodes, 
spleen or Waldeyer's ring 


Stage I Disease limited to a single site or lym- 
phatic region 
Stage II Disease involves two or three proximal 
lymphatic regions 
A Without symptoms of systemic dis- 
ease 
B With symptoms of systemic disease 
Stage III Disease involving two or more distant 
lymphatic regions 


All stages are subclassified as A or B to describe absence or presence of systemic symptoms, respectively. 


survival quite misleading. When total 
over-all survival is the same but is con- 
siderably different in the various stages, 
one may assume that different criteria 
have been used for staging and/or that 
the number of patients in the various 
stages comprise a different proportion of 
the total number in the compared series. 
Both factors are involved in the present 
comparison. The staging criteria used by 
Peters ef a/.8 and Lukes eż a/.5 were more 
selective in Stage 11 (Table 1,8). By remov- 
ing the word proximal (interpreted to mean 
"in proximity to") from the description of 
involved areas, a number of patients who 
formerly were assigned to Stage 1u can be 
classified as Stage 11. This may in part ac- 
count for the larger fraction of Stage n 


Tague IT 


DISTRIBUTION OF CASES BY STAGE 


Walter Reed 
eus Peters e? a7.5 Lukes et 27.5 General 

ag (per cent) (percent) Hospital 

(per cent) 
I 22 38 25 
I 36 34 45 
A 16 15 a1 
B 20 19 14 
IH 42 28 24 
IV 6 


patients in the Walter Reed General Hos- 
pital series. The smaller proportion of 
Stage IU patients in both the series of 
Lukes ef a/.5 and our series undoubtedly 
reflects the younger age group at risk in 
the Army environment. Stage mI patients 
in the series of Peters ef a/.8 comprise the 
older age groups. In Stage 111, it is apparent 
that survival is poor in all series. 

The strange phenomenon in the series 
of Peters ef al., whereby better survival is 


Tasis IH 
ABSOLUTE § YEAR SURVIVAL 
(per cent) 

Stage All Male Female 
I 55 53.6 6o 
I 47-9 44-9 53.3 

A 55.3 50.0 64.5 
B 31.6 22123 28.6 
III 15.4 17.9 o 
A ii;i 13:3 o 
B 17.0 8 O 
IV 20.0 9.I 50 
A 294 Oo 100 
B II.I 14.3 o 
All patients — 40.8 38.0 48.8 
(279) (203) (76) 
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ANGIOCARDIOGRAPHY IN DIAGNOSIS OF PERI- 
CARDIAL EFFUSION AND PULMONARY 
STENOSIS IN HODGKIN'S DISEASE* 


By ISRAEL STEINBERG, M.D.+ 





N HODGKIN’S disease, angiocardiog- 

raphy, by outlining the cardiovascular 
system, permits a better appreciation of the 
ravages of the disease in the mediastinum 
and hilus, establishes the diagnosis of peri- 
cardial effusion, and when present, reveals 
extrinsic pulmonary stenosis. The 3 pa- 
tients, herein reported, are unusual in that 
they had both massive mediastinal and 
hilar lvmphadenopathies and enlarged 
cardiac silhouettes due to pericardial effu- 
sion. In addition, in the first patient (Case 
1), a systolic murmur was heard over the 
pulmonic area which was shown by angio- 
cardiography to be caused by pulmonary 
stenosis due to a mediastinal tumor. He, 
as well as the second patient with a sarco- 
matous type of Hodgkin’s disease, de- 
veloped pericardial effusion after becoming 
refractory to radiation and chemotherapy. 
This proved to be ominous; death ensued 
in a few months. In the third case, the peri- 
cardial effusion and hilar and mediastinal 
lymphadenopathies were initial findings of 
the disease and because of these, the diag- 
nosis of lymphoma was suggested; scalene 
biopsy confirmed it, and radiation therapy 
effected a long remission. Angiocardiog- 
raphy was especially valuable in the diag- 
nosis of pericardial effusion, demonstra- 
tion of the extent of the mediastinal and 
hilar disease, and visualization of the pul- 
monary stenosis. 


REPORT OF CASES 


Case 1. Refractory mediastinal and hilar 
lymphadenopathy, | pulmonary stenosis, and 
pericardial effusion due to Hodgkin's disease. 
A 33 year old physician (N.Y.H. No. 968448) 





was referred for angiocardiography bv Dr. 
Allyn B. Ley on February 11, 1964. Seven vears 
earlier, a roentgenogram of the chest had been 
made because of pleurisv and it showed a 
mediastinal tumor. Right thoracotomy and 
biopsy of the mass disclosed Hodgkin’s disease. 
He was then treated with radiation therapy 
(2:0 kv., anteroposterior ports, total dosage 
2,400 r) to the mediastinum. He remained well 
until May 1961, when on re-examination he 
complained of a persistent. cough, and a 
roentgenogram of the chest again revealed me- 
diastinal masses; other lymph node and retro- 
peritoneal masses were not found. Supervoltage 
treatment to the mediastinum was prescribed, 
and he improved. In January 1962, he had 
fever (100°F.) and although he felt well, a 
small (1-2 cm.) left supraclavicular lymph 
node was palpated. A roentgenogram of the 
chest again showed widening of the medias- 
tinum. A third course of radiation therapy using 
rotational technique was begun. He improved, 
the fever and mediastinal masses disappeared, 
and he remained well until January 1963, when 
he again complained of cough and feverishness, 
and examination showed enlarged lymph nodes 
in the right supraclavicular fossa and the re- 
appearance of mediastinal masses. Biopsy of a 
right-sided supraclavicular lymph node again 
showed Hodgkin’s disease. Chemotherapy (vin- 
blastine [10 mg. weekly] and chlorambucil [4 
mg. daily]) were begun in combination with 
varying rest periods, and again he improved. 
Beginning in July 1963, the roentgenograms 
of the chest showed reappearance of widening 
of the mediastinum. Radiation therapy was 
added to the treatment in December 1963. 
The patient then began having malaise, 
intermittent fever, cough and dyspnea. A 
roentgenogram of the chest showed enlarge- 
ment of the cardiac silhouette and of the 
mediastinum (Fig. 1, 4 and JB). Enlarged 
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lic. 1. Case 1. C4) Frontal teleroentgenogram of the chest showing enlarged mediastinal and hilar masses 
(especially on the left side) and enlargement of the cardiac silhouette. The deformed fourth posterior right 
rib is due to exploratory thoracotomy made 7 vears earlier. (4) Lateral roentgenogram of the chest showing 
hiling of the entire retrosternal space. 


lymph nodes in the supraclavicular fossa and 
left axilla were found, and the spleen was 
palpable. There was also a systolic (Grade 3) 
murmur along the left border of the sternum 
radiating to the neck and precordium, Radia- 
tion therapy (betatron, 12X10 cm. port) over 
the anterior. mediastinum was added to the 
chemotherapy. Angiocardiography showed nar- 
rowing of the left innominate vein, a huge peri- 
cardial effusion, stenosis of the pulmonary 
artery at its bifurcation, and narrowing of the 
right and left pulmonary arteries by the medi- 
astinal masses (Fig. 1, CG), 

Following a sixth course of radiation treat- 
ments (betatron, 12X 10 cm. ports, total dosage 
1,500 r), he again improved; the pulmonary 
systolic murmur diminished to Grade 1, and he 
remained well until May 1964, when he began 
having dvspnea, ankle edema, cough, and fever. 
He was treated with methylhydrazine and was 
somewhat improved, but then he developed 
sinusitis, purpura over the legs, and pretibial 
edema. He continued to do poorly and died at 
home on July 4, 1964. A postmortem study was 
not obtained. 


Case 1. Zutractable pericardial effusion and 
hilar and mediastinal enlargement in Hodgkin s 
disease with sarcomatous features. A 21 year old 
man (N.Y.H. No. 977:92), referred by Dr. 





William Geller, had had a biopsy of a neck 
lymph node in December 1963, that showed 
Hodgkin’s disease with sarcomatous features. 
He did not respond to vinblastine, HN, 
and methvihvdrazine derivative. Response to 
radiation therapy was also poor and transient. 
On May s, 1964, he was referred for angio- 
cardiography because of increasing hilar and 
cardiac silhouette shadows (Fig. 2.7). Angio- 
cardiography disclosed a huge pericardial 
effusion (Fig. 2, B and C). He died on August 
17, 1964, and postmortem study confirmed the 
diagnosis of pericardial effusion. The lungs 
showed radiation changes of the exudative 
type with superimposed acute bronchopneu- 
monia. Both axillae contained huge lymph 
nodes which had invaded the chest wall and 
intercostal muscles. The carinal, hilar, para- 
tracheal, peripancreatic, and para-aortic lv mph 
nodes were markedly enlarged. 


Case ml. Pericardial efusion and hilar and 
mediastinal lymphadenopathy in Hodgkin s dis- 
ease amenable to treatment, A zx year old woman 
CN. Y.H. No. 999979) was referred for angio- 
cardiography on January 7, 196s, because of 
hilar and cardiac enlargement (lig. 3,.7 and B). 
Angiocardiography showed a moderate peri- 
cardial effusion and a large, 7X7 cm. mass 
adjacent to the aorta, which was located be- 
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Angiocardiography in Hodgkin’s Disease 
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Angiocardiography, by opacifying the 
cardiovascular structures, 
diagnosis of pericardial effusions and out- 
lined the greater extent of mediastinal 
} patients with Hodgkin’s disease 
with mediastinal and hilar lymphadenop- 
athies, and enlargement of the cardiac sil- 
2 of the cases, pericarditis was a 
late complication of Hodgkin' s disease that 
had become refractive to radiation and 
chermotherapy, and the pericarditis proved 
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Teratoma adher- 
ent to percar- 
dium 


Teratoma adher- 
ent fo pencar- 
dium 


Malignant tera- 
toma involving 
pericardium 


Lymphatic cyst 


Primary intra- 
pericardial meso- 
thelioma 


Hodgkin's 


disease 


Lymphoma 


Hodgkin's 
disease of 
thymus 


Chondrosarcoma 
of sternum 


Hodgkin's 
disease in 
terminal stage 


permitted the 


Chest pain, dyspnea 
and cough 


Dyspnea and fatigue 


Chest pain and fa- 
tigue 


Chest and 


cough 


pain 


Chest pain and dys- 
pnea 


Asymptomatic 


Vague precordial dis- 
comfort 


Sudden onset of 
sharp midsternal 
pain radiating to in- 
terscapular area and 
both shoulders 


Malaise, intermit- 
tent fever, cough and 
dyspnea 


to be of ominous diagnostic significance; 


Systohe bruit second 
left interspace 


Harsh systolic mur- 
mur over entire pre- 
cordium 


Harsh systolic mur- 
mur and thrill 


Pulmonic — systolic 
murmur and thrill 


Systolic murmur 
(Grade 3/6) left sec- 
ond interspace 
widely transmitted 


Harsh systolic mur- 
mur (Grade 2) with 
increased intensity 
in left infraclavicular 
area 


Harsh systolic ejec- 
tian murmur (Grade 
4/6) over pulmonic 
area and widely 
transmitted 


Systolic ejection 
murmur (Grade 2/3) 
in second and third 
intercostal spaces 
along Jeft border of 
sternum 


Blowing systolic 
(Grade 2/4) murmur 
second left intercostal 
space adjacent to 
sternum 


systolic murmur 
(Grade 3) along left 
border of sternum 
radiating to neck 
and Vrecordiuni 


death occurred 
tively, following development of pericardi- 
tis. Ín contrast, a remission of the disease 
with disappearance of the hilar and medi- 
astinal lymphadenopathies and of the peri- 
cardial effusion resulted following treat- 
ment of the third patient who had a peri- 
cardial effusion at the onset of the disease. 
Pulmonic stenosis due to compression of the 
pulmonary artery by Hodgkin’s disease 
occurred terminally in 1 patient, and was 
angiocardiography. 

Angiocardiography is recommended for 


demonstrated by 


Tnconchasive 


compressed 
artery; 


Tumor 
pulmonary 
gradient 32 


Selective right ven- 
triculogram showed 
pulmonic stenosis; 
gradient 10 


Unsatisfactory; 
gradient 20 


Selective right ven- 
triculogram showed 
infundibular steno- 
sis; gradient 25 


Selective left ventric- 
ulogram failed to 
show effect of tumor 
on pulmonary ar- 
tery; gradient 1o 


Stenosis outtlow 
tract right ventricle 


Pulmonic stenosis 


and pericardial 
efusion (Fig. 1, 
D and E) 


Tumor partly ex- 
cised; well 6 years 
alter operation 


Tumor pde d re- 
moved; well 3$ years 
after operation 


Thrill and murmur 
disappeared after ex- 
cision of tumor but 
re-occurred in 414 
months; died within 
4 months 


Tumor resected; mur- 
mur disappeared 


Tumor excised; car- 
diac murmur disap- 
peared, and prophy- 
lactic irradiation 
given to mediastinum 
postoperatively 


Tumor excised, given 
irradiation postopera- 
tively; murmur varn- 
ished 


Spleen enlarged, su- 
praclavicular biopsy 
positive, treated suc- 
cessfully with nitro- 
gen mustard; tumor 
and murmur disap- 
appeared 


‘Tumor excised, radia- 
tion therapy — not 
given, murmurs dis- 
appeared; postopera- 
tive cardiac catheter- 
ization normal 


Tumor and adjacent 
cartilages excised and 
closed with stainless 
steel mesh; murmur 
disappeared 


Murmur decreased 
following irradiation 
and chemotherapy 
but returned termi- 
nally 


$ and 9g months, respec- 
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the diagnosis of great vessel and pericardial 

complications of mediastinal and hilar 
Hodgkin's disease, and vice versa. Whenever 
there is mediastinal and hilar lymphade- 
nopathy, enlargement of the cardiac sil- 
houette, and/or great vessel stenosis or 
peelicions Hodgkin’ s disease should be con- 
sidered in the differential diagnosis. 


The Brookdale Hospital Center 
Linden Boulevard at Brookdale Plaza 
Brooklyn, New York 11212 
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MALIGNANT DISEASE OF THE PARANASAL 
SINUSES AND NASAL CAVITY* 


IMPORTANCE OF PRECISE LOCALIZATION 
OF EXTENT OF DISEASE 


By MAX L. M. BOONE, M.D.,f THOMAS S. HARLE, M.D., HOWARD W. HIGHOLT, 
M.D., and GILBERT H. FLETCHER, M.D. 


HOUSTON, TEXAS 


ECAUSE of the proximity of such 
vital structures as the eyes and brain 
and complex anatomic relationships of the 
areas involved, cancers of the paranasal 
sinuses and nasal cavity require greater 
than usual precision in localization of the 
disease. The skill with which this localiza- 
tion is performed is a major factor in 
determining both survival and the inci- 
dence of complications. It is characteristic 
for these tumors to progress to an ad- 
vanced stage while remaining localized 
with infrequent lymph node or distant 
metastases. The local recurrence rate 
(36 per cent in this series), therefore, 
underscores the frequent failure to achieve 
and maintain local control of these neo- 
plasms” despite the combined use of radio- 
therapy and surgery in many cases. 9 9. 
Whether the tumor originates in the 
nasal cavity or in one of the sinuses, 
spread to surrounding structures is the 
rule by the time the patient presents for 
treatment.???! Identification of the specific 
site of origin can be difficult or impossible 
when the disease is advanced.” The 
roentgenographic examination 1s the most 
accurate clinical technique for establishing 
the origin and routes of spread of these 
lesions...) [n order to secure the maxi- 
mum information as to the extent of these 
neoplasms, we have obtained roentgeno- 
grams in the following views: 
(1) Caldwell's, Waters's, and lateral 


views of the paranasal sinuses using the 
Potter-Bucky diaphragm and small cones. 

(2) Two submentovertical views, the 
second view being obtained with increased 
cephalic angulation of the tube to dis- 
place the image of the mandible anteriorly 
and to avoid superimposition of the 
posterolateral wall of the maxillary sinus 
and orbital surface of the greater sphenoid 
wing. 

(3) Frontal tomograms at I cm. intervals 
from 2 to at least 9 cm. from the tabletop 
with the patient prone and the cantho- 
meatal line perpendicular to the table. 

(4) Lateral and transverse tomograms, 
and, in selected cases, positive contrast 
studies of the sinuses? and of the naso- 
pharynx! are of value. 

The tomograms are especially useful in 
realizing a three-dimensional concept of the 
extent of disease;!??* also, bone erosion 1s 
more easily detected in the absence of 
superimposed obscuring densities.” AT. 
though roentgenographic identification of 
bone erosion 1s not pathognomonic of ma- 
lignant disease, its discovery requires 1n- 
tensive investigation to determine its 
cause, which, in most cases, will prove to be 
cancer, 


SITES OF ORIGIN AND ROUTES OF SPREAD 


A number of systems of classification of 
antral carcinomas have been advanced.?!*.? 
We have followed Baclesse! in dividing 
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antral lesions according to sites of origin 
as determined by roentgenographic studies. 

Certain patterns of disease extension 
characterize malignant disease arising in 
these different sites 2? 


(1) Maxillary sinus. 
A. Infrastructure, below the level of 





Fic. 1. Routes of spread of paranasal sinus car- 
cinomas. 

(4 and B) Antral infrastructure origin: (1) 
Into the alveolar process, gingivobuccal sulcus and 
soft tissues of the cheek below the zygoma; (2) intc 
the nasal cavity and hard palate; (3) into the 
pterygoid plates and pterygopalatine space. 

(C and D) Antral suprastructure origin: (1) 
into the zygoma, posterolaterally into the in- 
fratemporal fossa, and into the orbit; (2) into the 
nasal cavity, ethmoid sinuses and orbit; (3) into 
the pterygopalatine space and base of skull. This 
occurs more commonly than it does in infra- 
structure lesions. 

(E and F) Ethmoid sinus origin: (1) Into con- 
tralateral ethmoid sinuses; (2) into the antrum 
with erosion of the ethmoidomaxillary plate; (3) 
into the orbit; (4) into the nasal cavity with in- 
vasion of the septum and turbinates; (5) into the 
sphenoid sinus, nasopharynx and base of the skull; 
(6) into the frontal sinus, cribriform plate and an- 
terior cranial fossa; (7) forward into the fronto- 
nasal angle. 


the inferior surface of the middle 
turbinate (Fig. 1, £ and B). Tumors 
arising here can be confused with 
those originating in the upper gum 
as they may extend into the hard 
palate, alveolar process or gingivo- 
buccal sulcus and be seen during the 
examination of the mouth. Ex. 
tension may also occur into the soft 
tissues of the cheek below the 
zygoma, nasal cavity, and in rare 
instances into the pterygoid plates 
and pterygopalatine space. 


. Suprastructure, above the level of 


the inferior surface of the middle 
turbinate (Fig. 1, C and D). These 
tumors frequently extend supe- 
riorly and medially into the orbit, 
ethmoid sinuses, and nose; laterally 
into the zygoma and posterolater- 
ally into the infratemporal fossa; 
and posteriorly into the pterygo- 
palatine space and base of skull. 


. Additional specific sites: 


(a) Ethmoidomaxillary. This site 
contains a highly malignant group 
originating in the region of the eth- 
moidomaxillary plate which sepa- 
rates the ethmoid region from the 
superomedial portion of the antrum. 
The tumors involve the antrum and 
ethmoid from the onset and extend 
rapidly through the medial wall of 
the orbit and medial portion of the 
orbital floor. 


(b) Endosinus. These tumors 
spread diffusely within the mucosal 
lining of the antrum without bone 
erosion initially when the tumor 
breaks through the bony walls; 
spread occurs virtually simultane- 
ously in all directions. 

(c) Medial wall. Tumors originat- 
ing in the medial or nasal-antral 
wall mimic primary nasal tumors in 
their routes of spread. 


(2) Ethmoid sinuses (Fig. 1, E and F). 
Neoplasms may originate in the an- 
terior, middle, or posterior sinuses, but 


Vou. 


) Frontal sinus (Fig. 
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extension throughout the ethmoid re- 
gion on the side of involvement is us- 
ually present when the patient is first 
seen. Because of the central location of 
the ethmoid sinuses, extension of 
tumor often involves all of the other 
paranasal sinuses as well as the orbit, 
nasal cavity, nasopharynx, and base of 
skull. 
24). Primary car- 
cinomas of the frontal sinuses as well as 
those of the sphenoid sinuses are quite 
rare." [t is often difficult to distinguish 
frontal neoplasms from tumors of the 
ethmoid sinuses spreading upward. 
Frontal neoplasms may extend an- 
teriorly into the forehead, often with 
secondary infection, inferiorly ; into the 
ethmoid sinuses and into the orbit, and 
posteriorly into the dura and frontal 
lobes. 


4) Sphenoid stnuses (Vig. 25). The tumors 


arising in the sphenoid sinus and ex- 
tending inferiorly into the nasopharynx 
are difficult to differentiate from pri- 
mary nasopharyngeal cancer spreading 
superiorly. Extension may also occur 
through the floor of the middle cranial 
fossa and sella turcica as well as an- 
teriorly into the posterior ethmoid cells 
and nasal cavity. 
Nasal cavity. There are three anatomic 
regions: 
A. The vestibule is the expanded lower 
portion of the nasal cavity just in- 
side the external nares. Tumors 


arising here are essentially skin 
cancers and not considered in this 
report. 

B. Nasal cavity proper. 

C. The olfactory region, a narrow 


strip in the apex of the nasal cavity 
extending a short distance onto the 
medial and lateral walls. 

For purposes of classification, the tumors 


of the nasal cavity have been aided into 
two groups: 


(1) A superior group which arises above 
the horizontal plane lying at the level 
of the lower border of the superior 
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. Routes of spread of paranasal sinus and nasal 
carcinomas, 

(4) Frontal sinus origin: (1) Anteriorly produc- 
ing mass in the region of the bregma and nasion, 
often with secondary infection; (2) into the 
ethmoid sinuses and through the superior medial 
wall of the orbit; (3) into the dura and frontal 
lobes. 

(B) Sphenoid sinus origin: (1) Into the naso- 
pharynx; (2) through the floor of the middle cra- 
nial fossa and sella turcica; (3) into the posterior 
ethmoid cells and nasal cavity. 

(C and D) Nasal cavity origin: (1) Into the 
anterior cranial fossa, ethmoid cells, orbit, antrum 
and commonly posteriorly into the sphenoid sinus 
and along the base of the skull and roof of the 
nasopharynx; (2) posteriorly to protrude through 
the posterior choana, superiorly into the upper 
nasal cavity and occasionally to the other side of 
the 1 nose. 


hae See (Fi i6. Ci and à D). Because 
part of the lymphatic drainage ii 
this region passes through the cri ‘bri bs 
form plate and unites with the lym- 
phatics of the subarachnoid space,“ 
tumors in this region may extend 
rather quickly to the anterior cranial 
fossa. Early extension also often oc- 
curs to the ethmoidal region, orbit, 
and superior medial antrum. Con. 
tralateral spread is less common than 
with ethmoidal tumors. 

(2) An infertor group (Fig. 2, C and D) 
arises in the lateral wall (nasal 
antral septum), middle and inferior 
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| No of | 


Squamous cell carcinoma | 79 | 
Unclassified malignancies — F^ j 
Adenocarcinoma | 8 | 7 
Rhabdom yosarcoma | 
Fibrosarcoma | 

f 


ta 


d 
Esthesioneuroepithelioma | 3 
, + 


ie 
| s 
Miscellaneous | 3 
Total 121 100 


turbinates or nasal septum. These 
tumors frequently extend posteriorly 
to protrude through the posterior 
choana into the nasopharynx where 
they may be seen bv mirror examina- 
tion or demonstrated bv positive 
contrast nasopharyngography. 


CASE MATERIAL 


The charts and roentgenograms of 121 
patients with previously untreated primary 


M. L. M. Boone, T. S. Harle, H. W. Higholt and G. H. Fletcher 


Magen, 1968 


malignant disease of the paranasal sinuses 
and nasal cavity seen at the Universitv of 
Texas M. D. Anderson Hospital and Tumor 
Institute at Houston from 1954 through 
1963 have been analyzed. Nearly two- 
thirds of the lesions were squamous cell 
carcinomas (Table 1). In $8 per cent of 
cases, the lesions arose in the maxillary 
sinus (Table 11). Of these, 37 per cent orig- 
inated in the infrastructure, 14 per cent in 
the suprastructure, and 6 per cent were 
ethmoidomaxilary; the remainder were so 
extensive that their site of origin could only 
be designated as the maxillary sinus. Nasal 
cavity and ethmoid lesions followed in that 
order of frequency. 

Nearly equal numbers of patients were 
treated by surgical procedures alone, radia- 
tion therapy alone, or combined surgical 
and radiation therapy with the irraciation 
given either preoperatively or postopera- 
tively. In general, surgical therapy was se- 
lected for patients with relatively localized 
disease, while combined surgical and radia- 
tion therapy was used for the more ad- 
vanced lesions. Radiation therapy as the 
sole method of treatment was used prin- 
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PARANASAL SINUSES—NASAL CAVITY 


(1954-1963) 
RECURRENCES AND 5 YEAR SURVIVAL BY SITE OF ORIGIN 


t 
| 


Origin No. of Patients | 
g | 


1 


Antrum | 
Infrastructure 
Suprastructure 
Ethmoidomaxillary 4 | 
Massive | O | 

Over.all antrum | 

Ethmoid | 

Frontal | 

Sphenoid 

Total sinuses | 93 

Nasal cavity | 3 

1 
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Per Cent 
Recurrences 


Per Cent 5 Year Survival* 
Absolute | Determinatet 
I5 66.7 | 
40 50 l He 





* Not all cases are included in the analysis of $ year survival; in some, an insufficient time has elapsed following treatment. 
T For determinate survival, patients dying of intercurrent illnesses or lost to follow-up are excluded. 
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cipally for nasal cavity lesions, advanced 
sinus cancer treated for palliation only, and 
when the patient refused operation or was 
medically inoperable. 


TREATMENT PLANNING 


The paranasal sinuses and nasal cavity 
compose an anatomic area where the so- 
phisticated wedge filter technique is espe- 
cially useful.?:5 It has proved helpful in pre- 
paring, from the patient's contour, a card- 
board cutout with leveling device attached, 
to insure reproducible positioning.? 

Because of the rounded contour of the 
cheek, a right angle pair of wedge filtered 
portals may seem to be optimal but this 1s 
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rarely, if ever, used because the opposite 
eye is in the treatment field. Furthermore, 
in practice, overlapping or missing Is not 
easy to avoid at the junction of portals at 
right angle (Fig. 3/7). A dose distribution 
which is superior in several respects may be 
achieved by posterior angulation of the 
lateral field (Fig. 38). This reduces the dose 
to the contralateral eye and also raises the 
dose posteromedially in the region of the 
pterygopalatine space. Care must be taken 
to be sure that the angulated field extends 
posteriorly far enough to encompass lat- 
eral disease. 

For tumors originating and extending 
largely in the midline (ethmoid, frontal, 
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sphenoid, nasal) an anterior open field is 
used. The anterior field may be L-shaped if 
disease has extended into a maxillary sinus. 
Addition of a pair of lateral wedge filtered 
portals yields an homogeneous dose pattern 
extending posteriorly as far as required 
(Fig. 3C). If disease extends far anteriorly, 
6,000 rads are given through an anterior 
portal with dose build-up posteriorly with 
wedged lateral portals. Often the anterior 
field can be reduced near the conclusion 
of treatment and the additional radiation 
given as a "boost." High energy electrons, 
because of their limited depth of penetra- 
tion, may be used to advantage for a por- 
tion of the anterior radiation and may be 
tailored to spare the underlying frontal 
lobes and brain stem. 

In some instances, a combination of 22 
mev. and cobalt 60 irradiation to an an- 
terior field may give a satisfactory dose 
distribution (Fig. 3D). 

Tumor doses are in the range of 5,000 
rads in 5 weeks preoperatively, or 6,000 
rads in § to 6 weeks postoperatively or 
when irradiation is used alone. An addi- 
tional soo to 1,000 rads may be given 
through reduced fields to sites of possible 
residual disease. 

When orbital involvement has not been 
demonstrated, it is tempting to avoid irra- 
diation of the ipsilateral eye, but this may 
lead to inadequate irradiation of disease.‘ 
The roof of the antrum rises posteromedi- 
ally. Reduction in dose to disease in this 
region may be produced by the use of an 
eye shield since the antral roof often rises to 
the level of the cornea (Fig. 4). There is 
marked anatomic variation in this respect, 
however, and evaluation of the individual 
case is required. Shielding of the eve may 


also result in decreased dose to the floor of 


the middle cranial fossa and foramen ro- 
tundum. The floor of the anterior cranial 
fossa and ethmoidal regions may receive 
insufficient irradiation when the eye is 
shielded if these areas receive no dose con- 
tribution from the lateral field and inad- 
equate dose from a narrow upward pro- 
longation of the anterior field. Shielding of 
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Fic. 4. Tomogram, $ cm. posteroanterior: The lowe 
halves of the bony orbits have been outlined b 
use of the 3 cm. posteroanterior tomogram. Nol 
that approximately one-third of the right maxi 
lary antrum projects above the inferior orbit: 
tim. Shielding the right eye in such a case coul 
result in inadequate irradiation of tumor if it o 
cupied the region of the antral roof, especial 
medially. There is considerable variability in tl 
degree of upward slope of the posterior antral roc 
even from one side to the other in the same ind 
vidual, as shown in this case. 


the homolateral eve from irradiation shoul 
be done only with great care to ensui 
adequate dosage to all known or probab: 
disease extensions adjacent to the orbit, 


RESULTS 


An analysis of 5 year survival by site « 
origin (Table n) revealed that the lesior 
having the most favorable prognosis wet 
those arising in the nasal cavity (75 pe 
cent determinate § year survival) and ° 
the maxillary antrum infrastructure (66 
per cent § year survival). There were r 
survivors of the 4 cases classified as havir 
ethmoidomaxillary tumors. The determ 
nate § vear survival for the entire seri 
was nearly £o per cent. 

The survival rates for the differe: 
methods of treatment (Table 111) must | 


7 NA 1 r : e y G r e * a ; ; " n i T D ^ ks i 
Vol. 102, No. 3 Malignant Disease of the Paranasal Sinuses and Nasal Cavity 633 
Taste JH 
PARANASAL SINUSES—-NASAL CAVITY 
(1954-1963) 
RECURRENCES AND § YEAR SURVIVAL BY METHOD OF PRIMARY TREATMENT 
| Per C Per Cent 5 Year Survival 
I reatment N oO ot Pati en ts | R Per Vent T 
ecurrences 
| Ies | Absolute | Determinate 
| ! 
EG GN DM MM QM CE TT MÀ mnn lemen page | LIA an datne B a m mm AA AAA EE nami AA EA mae ete rate i er i eg WP ee IY ey ISA ytd are, i Meemeesa N AAAA PHI ER OI M umm Pm at SPIRI PA ERIS PHI ad RI m arare aa ri a ania SS e EA MUS INN Ies AIT deme t nh ee dettes meee 
Surgery alone | 42 | 38 | 61.5 | 60.7 
Irradiation alone E as | 26 | 35.3 | 40.0 
Preoperative irradiation 24 | 39 | 31:9 | 38.5 
Postoperative irradiation | 1$ | 40 | 2060 | Gum 
Chemotherapy alone | E | —- | O | O 
Chemotherapy +irradiation 2 | - | o © 
No treatment | 1 | iss 89 | d 
T € | ^y ? ^ y Q 
m Sins | 121 6 X255 48.4 


interpreted in light of the fact that the 
choice of treatment was determined bv the 
location and extent of the disease. 

The recurrence rate for maxillary sinus 
infrastructure lesions (Table 11) is signifi- 
cantly less than for other sites, largely be- 
cause of their ready accessibility to sur- 
gical extirpation and early onset of symp- 
toms (usually toothache and facial pain). 
Nasal cavity tumors also recur relatively 
infrequently. The recurrence rate for the 
total series was 36 per cent. The difference 
in recurrence rates among the different 
methods of primary treatment is not 
statistically significant. Furthermore, the 
different groups obviously do not represent 
comparable groups as the cases were as- 
signed to various treatment methods ac- 
cording to stage and type of disease as 
mentioned above. It is somewhat surprising 
that the group treated by irradiation alone 
did not demonstrate a significantly higher 
recurrence rate, in view of the fact that 
many of these patients were treated at an 
extremely advanced stage of disease. 

Of the 121 cases reviewed, the tumor re- 
mained localized in 108, of which only 13 
had detectable lymph node or distant 
metastases at any time on follow-up. 
Forty-four patients with recurrent or 
persistent disease were studied in an effort 
to discover, if possible, the cause of thelocal 


failure (Table rv). These local failures re- 
flect the difficulty in achieving local con- 
trol. 

In 14 patients, the tumor was so exten- 
sive that palliation was the only intent. In 
the remaining cases, the sites of active 
disease were most often at the surgical 
margin or the edge of treatment portals. 
Shielding of the eye during irradiation or 
failure to exenterate the orbit in the pres- 
ence of immediately adjacent tumor re- 
sulted in recurrence in 9 cases. 

Several illustrative cases are presented to 
demonstrate the pitfalls in therapy which 
may result in recurrences. 


Tase IV 


ANALYSIS OF 44 LOCAL FAILURES IN 121 PREVIOUSLY 
UNTREATED MALIGNANT DISEASES OF THE 
PARANASAL SINUSES AND NASAL CAVITY 


(1954-1963) 
Radictberapy? 
Failure of primary lesion to respond 3 
Recurrence at margin of treatment field 9 
Recurrence in area protected by eve shield 4 
Surgery 
Recurrence at margin cf resection TI 
Known tumor remaining after surgery 3 
Massive disease—palliation only 14 
Total 44 


* Alone or combined with surgery. 
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ILLUSTRATIVE CASES 


Case 1. A squamous cell carcinoma of the right 
antrum with involvement of the right nasal 


turbinates and orbital foor in a 61 year old 


white female was treated by radical resection of 


the right maxilla without orbital exenteration. 
Twenty months later a recurrence developed 


Fig. g. G4) Photograph of the treatment field used 
tor a large cheek recurrence following incomple te 
radiation. therapy. for à squamous cell carcinoma 


of the maxilary sinus infrastructure. Note the 


catheters for intra-arterial infusion of s-Huorour- 
acil and methotrexate. During the last bali of her 
course of radiation therapy, the held was reduced 
to exclude the right eye. (B) Appearance of the 
skin 15 months after treatment of the recurrence. 


. Harle, H. W. Higholt and G, H. Fletcher 





g MARCH, 196R 
in the right inner canthus adjacent to the pre- 
vious excision, A right orbital exenteration was 
performed, and the patient is living without 
evidence of disease 6 years later. 


Case H. A sg year old white male with 
squamous cell carcinoma of the right antrum 
extending into the nose received preoperatively 
5,000 rads tumor dose in g weeks from cobalt 60 
teletherapy. Anterior and right lateral 44 de- 
gree wedge filtered portals were used, with the 

right eve shielded from both portals. Six weeks 

later, aright maxillary resection without orbital 
exenteration was performed. Recurrent tumor 
developed in the cribritorm plate and frontal 
region 18 months later. This area was not in- 
cluded in the lateral portal in an attempt to pre- 
serve viston, and was near the margin of the 
anterior held, both factors resulting in. low 
dosage. 


Case ui. A 27 vear old white female with 
m ci carcinoma of the infrastructure 
ot the right maxillary antrum was planned for 
5,000 rads tumor dose preoperatively in ; weeks 
to be tollowed by radical surgery with exentera- 
tion of the orbit. Anterior and lateral 45 degree 
wedge filtered portals were used with no eve 
shield. She did not return for the planned opera- 
tion because of personal problems, but was seen 
2 years later with a massive recurrence an- 
teriorly at the junction of the 2 fields (Fig. s, Z 
and B). This area received a low tumor dose 
but was expected to be removed at operation. 
For the recurrent disease, she was treated with 
intra-arterial s-Auorouracil and methotrexate, 
plus 5,000 rads given dose to an area which in- 
cluded the right eye during half of the dose. The 
patient is alive 2 years after her initial treat- 
ment, with normal vision and only moderate 
conjunctival infection in the irradiated eve. 


Case iv. A g4 vear old white male with 
adenocarcinoma of the left ethmoid sinuses was 
treated by maxillary resection with curette- 
ment of the ethmoid sinuses and postoperative 
irradiation using 2:0 kv. roentgen rays (this 
patient was treated in 1924). A tumor dose of 
6,100 r in 46 davs was delivered through cross- 
hring paired anterior and lateral portals. The 
lateral portals were angled 20 degrees ante- 
riorly. In spite of a small field. at the bi regma 
directed 25 degrees caudad, the dosage tn the 
posterior ethmoid-sphenoid region was low. A 


= 
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TasLE V 
COMPLICATIONS IN 7 $ PATIENTS WITH PARANASAL SINUS AND NASAL CAVITY MALIGNANT 
DISEASES RECEIVING I RR ADIATION + 
(1954-1963) 


Minor 


Exposed Pone of maxilla 





€————————————————————————————M—H— ———— — — 


Deere vision (optic nerve atrophy, retinal 


| or central nervous system damage) 6 


Delayed healing postoperatively 4 


Central nervous system necrosis (suspected 


or confirmed) 3 
Wound abscess 2 | Osteonecrosis (mandible 1, maxilla 1) 3 
Epiphora I 
Cataract I 


Totals 


* Total complications-20 (27%). 
H 


recurrent mass developed in this area 7 months 


after completion of therapy. 


COMPLICATIONS 


The complications encountered in 75 
patients receiving irradiation alone or 
combined with surgical resection are enu- 
merated in Table v. Central nervous sys- 
tem and ocular damage comprised the 
bulk of major complications. Such risks can 
be entirely avoided only at the cost of an in- 
crease In recurrences due to inadequate 
irradiation of disease. 


SUMMARY 


Adequate treatment for carcinomas of 
the paranasal sinuses and nasal cavity 
demands a thorough evaluation of the site 
of origin and routes of spread of the tumor. 
Roentgenographic examination is the most 
accurate clinical procedure for obtaining 
this information. 

Detailed roentgenographic examinations 
are required in order to give the maximal 
amount of information with respect to the 
total extent of tumor involvement. 

Since these lesions tend to remain local- 
ized, the problem is principally one of local 
control of the disease. Failure to achieve 
local control has been seen to reflect an 
initial underestimation of the extent of 


disease or curtailment in the radicality of 
the treatment technique in an effort to 
preserve vision or avoid the risk of com- 
plications. In some cases, failure may be 
due merely to the fact that the disease is so 
massive that only palhation can be at- 
tempted. 

Gilbert H. Fletcher, M.D. 
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CHANGES IN PULMONARY ARTERIAL PERFUSION 
DUE TO INTRATHORACIC NEOPLASIA AND 
IRRADIATION OF THE LUNG* 


By PHILIP M. JOHNSON, M.D., 


ROBERT H. SAGERMAN, M.D., 


and HAROL D W. JACOX, M.D. 


NEW YORK, NEW YORK 


HE response of the tissues of the lung 

to cancericidal levels of ionizing radia- 
tion forms a complex pattern of differential 
damage and repair. The remarkable reserve 
capacity of the lung in most cases prevents 
clinical manifestations of radiation-induced 
injury. Nevertheless, there are few radio- 
therapists who have not observed an oc- 
casional patient in whom severe respira- 
tory insufficiency has followed sterilization 
of an intrathoracic tumor. 

The morphologic changes induced in the 
lung by irradiation are well-known, having 
first been described by Groover, Christie 
and Merritt? in 1923, and more recently by 
Engelstadt* and others. However, these 
changes are significant primarily to the ex- 
tent that they compromise pulmonary 
function, often in a lung damaged bv pre- 
existing disease. Consequently, investi- 
gative interest has focused on measuring 
parameters of respiratory physiology be- 
fore, and at intervals after, the adminis- 
tration of ionizing radiation. Teates and 
Cooper? have indicated the difficulties in- 
herent in such studies. These include, but 
are not limited to, the tendency for com- 
pensatory changes in nonirradiated lung to 
offset radiation-induced impairment 
ventilation, perfusion, compliance or al- 
veolocapillaty diffusion so that the net 
detectable change is slight or nil. Thus the 
patient with roentgenographic evidence of 
radiation fibrosis may not onlv be clinically 
asymptomatic but also have no detectable 
abnormality of respiratory function? Fur- 
ther, it may be difficult to differentiate 
changes induced by radiation from those 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, 


of 


caused by persistence or progression of 
disease. 

Recently, we undertook a prospective 
studv of the effect of (a) intrathoracic neo- 
plasia and (b) ionizing radiation on pul- 
monarv arterial perfusion. This parameter 
was selected for two reasons: it 1s a major 
prerequisite for normal gas exchange in the 
lung, and it is conveniently studied bv 
pulmonary perfusion scanning, or lung 
scanning, a safe, simple technique. 

The lung scan is an analog display of 
the distribution in the pulmonary arteriolo- 
capillary bed of approximately 5X10? 
radioactive particles. These particles are 
composed of clumps or macroaggregates of 
serum albumin molecules labelled usually 
with iodine 19?', They are passively trans- 
ported in the blood from the peripheral in- 
jection site into the lung. Using a quantita- 
tive method of scan analysis, Lopez- 
Majano and his associates? found that the 
partition of radioactive particles between 
the two lungs shown by scanning correlated 
closely with the partition of pulmonary 
arterial blood measured by differential 
bronchospirometry. Since particle distri- 
bution within the lung is flow-dependent, 
the number of particles per unit volume of 
lung, marked by the unit intensity of 
radioactivity, is proportional to the frac- 
tional perfusion of that region. The number 
of particles lodged in the pulmonary micro- 
circulation. remains. reasonably constant 
for a finite period, allowing their photon 
emission to be mapped by scanning tech- 
niques. Although the major clinical use of 
lung scanning remains the detection of pul- 


Toronto, Ontario, Canada, May 29-31, 1967. 


From the Department of Radiology, Presbyterian Hospital, New York, New Y ork, 
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monary thromboembolism, the informa- 
tion provided as to the state of pulmonary 
arterial perfusion is valuable in the in- 
vestigation of other pulmonary diseases, 
such as neoplasia and radiation fibrosis. 

This report presents our results in 34 pa- 
tients who underwent intentional or in- 
cidental irradiation of the lung. A subse- 
quent report will present quantitative data 
of pulmonary perfusion changes in animals 
subjected to graded doses of irradiation to 
one hemithorax.* 


MATERIAL AND METHOD 


The patients studied included 20 with 
bronchogenic carcinoma, 7 with carcinoma 
of the breast, 4 with pulmonary metastases, 
2 with intrathoracic lymphoma and 1 with 
carcinoma of the esophagus. Two patients 
were studied more than a vear after radia- 
tion therapv, and 2 others were studied be- 
tore and after a second course of treatment. 

Each patient underwent lung scanning 
after an intravenous injection of 300 uc of 
macroaggregated albumin labelled with 
D", The specific activity of the radio- 
pharmaceutical was such that the amount 
of protein administered seldom exceeded 
o.& mg. Thyroidal uptake of P! was 
blocked by Lugol's solution given for 4 
davs s beginning one day beforehand. À com- 
panion chest roentgenogram was obtained 
at the time of each scan. Follow-up scan- 
ning was performed when possible upon 
completion of radiotherapy and at intervals 
thereafter. 

All scans were begun immediately after 
injection of the tracer using a rectilin- 
ear scanner with a s inch scintillation 
crystal, focussed collimator and pulse 
height analyzer. Scanning speeds ranged 
from 120 to 200 cm. per minute. 

Scans were evaluated for uniformity of 
pulmonary arterial perfusion and for the 
presence, intensity and extent of ischemia. 
When ischemia was found, the aeration 
and other roentgenographic features oF the 
ischemic. region. were noted. Conversely, 
roentgenographic densities due to tumor, 
fibrosis or pleural thickening were related 


1 W. Jacox MARCH, 1968 
to the state of perfusion of the affected area. 
Follow-up scans were evaluated also for 
interval changes in perfusion. Densimetric 
analysis of photoscans was not performed. 


RESULTS 
ALTERATIONS IN PULMONARY ARTERIAL PER- 
FUSION DUE TO NEOPLASM OF THE LUNG OR 
MEDIASTINUM 

Table 1 summarizes the findings in 32 
patients prior to radiation therapy. Of this 
group, 25 patients had neoplasms involving 
the lung or mediastinum. In 5 of these pa- 
tients pulmonary arterial perfusion was 
normal. Regional ischemia commensurate 
with, or less extensive than, the roentgeno- 
graphic size of the tumor was found in 11 
patients (Fig. 1, Z and B). In g patients 
ischemia was disproportionate, being more 
extensive than would be anticipated from 
the size of the tumor (Fig. 2, Z and B). All 
9 patients had carcinoma of the lung in- 
volving the hilus; the tumor was primary 
in 8 patients and metastatic in 1. However, 
3 additional patients with neoplastic in. 
volvement of the hilus failed to exhibit dis- 


Tage | 


INITIAL STATUS OF PULMONARY PERFUSION IN 
32 PATIENTS PRIOR TO RADIATION THERAPY 


Perfuston 


Type of Neoplasm ix Ischemia 
| mà | yep | rsp 
1? Carcinoma of | | | 
lung 20 | 3 9 | 8 
Peripheral (9) | | (6) | (o) 
Hilar (11) o 0) Ter 
2° Carcinoma of | | | 
lung ie i] 2| yb 
Lymphoma, | f | 
intrathoracic || ps o o 
Carcinoma of | | 
esophagus 1 | p o o 
Carcinoma of breast 6 | H | om O 
Total 32 | 12 | EN 7 


| ischemia, D= roentyenographic density. 
* 1 patient in this group had previous radiation therapy 
(total = 2). 
P Metastasis simulated 1? bronchogenic carcinoma involving 
hius, 
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Fic. 1.. Left Superior Sulcus Tumar. (A) The roentgenographic extent of the tumor is commensurate with 
the ischemia 1t has produced as shown by the lung scan (8). Patient AV, a 47 vear old male. 


parity between tumor size and extent of 
ischemia, 


ALTERATIONS IN PULMONARY ARTERIAL PER 
FUSION ATFRIBUTABLE TO IRRADIATION 
Table i summarizes the findings in 18 
patients whose lungs were irradiated dur- 
ing treatment of neoplasia. In 16 patients 


studies were pertormed before treatment 
and at least once after treatment; 2 of 
these patients were undergoing treatment 
for the second time. In 2 other patients who 
received radiation therapy in the past, only 
follow-up studies were obtained. 

Ot the 16 patients studied before and 
after radiation therapy, there was no de. 





big. 2. Bronchogenic Carcinoma Arising in Left Hilus. (A) Chest roentgenogram discloses a large hilar mass 
with obstructive features. However, aeration of the lung elsewhere appears normal. (B) The lung scan re- 
veals total ischemia of the left lung. See also Figure 5, patient OS. 
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RESULTS IN 18 PATIENTS AFTER RADIATION THERAPY 


Case 
A. 1? Carcinoma of Lung 
OS 


BP 


1* 

NS 

B. 2° Carcinoma of Lung 
WS 

C. Carcinoma of Esophagus 
MS 

D. Carcinoma of Breast 
LH 
GH 
SM 


RR 
RK 


* JH 
E. Post-Treatment Study Only 
B 


SB 


‘Treatment 


Tumor Dose 


(rads) 


3,000 
4,000 
4,400 
4,500 


4,900 
5,000 
$,000 


2,400 
1,200 


1,500 


5,409 


3,200 
4,100 


4,400 


4,500 
4,500 


5,200 


Unknown 
2,200r 


4,200 Tr 


* rex reticulum cell sarcoma of lung and thorax. 


tectable interval change in pulmonary 
arterial perfusion in 8. Seven of these pa- 
tients were treated with intent to cure. A 
de novo appearance of ischemia (Fig. 3, 4- 
D; and 4, 4—-D) or increase in pre-existing 
Ischemia was observed in 7 patients. In 1 
patient pulmonary perfusion showed signif- 
icant net improvement following treat- 


Days 


20 


45 


Follow- 
up at 


3 mo. 
8 mo. 


3 mo. 
7, 12 mo. 


I, 7, 22 mo. 


2, 5 mo. 
o, 8 mo. 


II mo. 
I.5 mo. 
© mo. 


imo. 


II mo. 
Imo. 


O, 9, 22 mo. 


1.5 mo. 
6 mo. 


I4 yr. 
8 yr. 


I yr. 


Change from Initial Scan 
and Roentgenogram 


Restored 
shrinkage 

No change; normal; 2,500 r in 1 
days given 15 months earlie 

Increased ischemia; fibrosis 

Increased ischemia and fibrosis 
treated in past (dose ur 
known) 

Increased ischemia; fibrosis 

None; total ischemia 

Ischemia and fibrosis at 
months; emphysema un 
changed 


perfusion; — tumc 


No change; normal 


No change; irregular perfusioi 
bilaterally 


No change; slight ischemia c 
lower left lung 


No change; normal 


No change except ? silen 
embolus 

Transient ischemia and cloudin 
of apex 


No change; normal 

Ischemia of apex, marked; sligh 
fibrosis 

Progressive ischemia and pleura 
thickening of apex 


Ischemia and fibrosis (carcinom: 
of breast) * 
Ischemia and fibrosis (Hodg 


kin's disease) 


ment (Fig. 5, Æ and B). Evidence o 
ischemia was found in the 2 patient 
treated previously (Fig. 6, Æ and B). 
Roentgenographic changes compatibl 
with “radiation pneumonitis,” radiatioi 
fibrosis or pleural thickening were observe 
in all 9 patients manifesting newly de 
veloped or increased ischemia. These in 
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cluded 4 patients with primary carcinoma 
of the lung, 1 with intrathoracic lymphoma 
and 4 with carcinoma of the breast. All had 
received treatment with supervoltage radia- 
tion given with intent to cure. However, 
the postirradiation changes in the lung or 
pleura did not exceed, and usually were less 


Merc than, the degree of ischemia 
(Fig. 3, 4-D). 
DISCUSSION 


The results of this studv indicate that 
peripheral lung tumors produce pulmonary 
arterial perfusion deficits. commensurate 
with their size. Due to the limited resolu- 
tion of present scanning equipment, per- 
fusion deficits caused bv lesions under 2 
cm. in diameter are usually undetectable. 
However, when a lung tumor is located in 
the hilus there 


extensive impairment of perfusion of the 
ipsilateral lung, as observed in 9 of 12 pa- 


tients 1n this series. 
There are two mechanisms by which a 
hilar neoplasm may reduce pulmonary 


Changes in Pulmonary Arterial Perfusion 


is a great probability of 
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arterial flow. The first is the effect of the 
phvsical bulk of the tumor on the pul. 
monary arterv, which may narrow the ves- 
sel by compression or direct invasion. That 
reduction of tumor bulk mav lead to 1m- 
proved perfusion is shown bv the response 
in patient OS (Fig. 2, 4 and B; and 5, .7 
and B), in whom partial restoration of per- 
fusion of a totally ischemic lung followed 
shrinkage of the tumor by irradiation. Wag- 
ner and his associates? found that inflation 
of a balloon catheter within a segmental 
bronchus, with preservation of "adequate" 
air flow, caused ischemia of the canine lung. 
As a result thev have questioned whether 
carcinoma arising in a bronchus may not 
impair flow through the accompanying 
pulmonary artery. 

The second mechanism is the shunting 
of arterial blood at systemic pressure into 
the pulmonary artery via neovascular col- 
lateral channels arising in the tamor, which 
is supplied by the bronchial arteries. How- 
ever, in the absence of quantitative sup- 
porting data, it seems unlikely that such 





Fic. 3. Carcinoma of Breast. (4) Preirradiation chest roentgenogram and (8) lung scan show slight apical 


yl leural thickening and irregular perfusion of the apices respectively. 


The latter is a common finding. A 


tumor dose of 4,500 r in 4.6 weeks was then given to the right breast, supraclavicular and internal mam- 
mary regions with supervoltage equipment. (C) Six months after completion of treatment, the right apex 


shows increased pleural thickening and (D) there is markedly 


tient RK, a so year old female. 


impaired perfusion by ae scanning. Pa- 
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shunts are hemodynamically significant.  postirradiation perfusion changes is evident 


It would appear desirable to determine in our results. There were 9 of 18 patients 
if there is a relationship between altered in whom ischemia occurred in the irradi- 


pulmonary perfusion and surgical resect- ated region of the lung--an incidence some- 
ability of neoplasms that involve the hilus. what lower than that reported by Bate and 


Ihe utility of the lung scan in detecting Guttmann.? This mav reflect the shorter 


MATO eru Yrs irr eve NT NP AH cone ae 
i 


PME elio tt NH emer dne pid 


VT Ute RC re Ansa im 


iA Aa? ard Iure PHP Fo 





month after resection of a 1 em. bronchogenic carcinoma from the right mid.lu ng. Despite emphysema, pul- 
monary perfusion is normal except in the upper third of the left lung. (C) Follow-up roentgenogram and 
(Dj scan were obtained $ months after delivery of 5,000 r tumor dose to the tumor bed in 43 days using 
supervoltage equipment. Fibrosis and ischemia in the irradiated region are discrete, localized and commen- 
surate. Patient AW, a 69 vear old male. 
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hic. §. Net Improvement of Perfusion Following Radiotherapy. (4) Follow-up roentgenogram and (8) scan 
in patient OS 3 months after delivery of 3,000 r tumor dose in 14 days using supervoltage equipment. Com- 
parison with initial examination (Fig. 2, 44 and B) shows marked reduction in tumor volume and return of 
perfusion to the lower half of the left lung. However, the appearance of ischemia in the upper half of the 
right lung suggests compromise of the right pulmonary artery by tumor extending across the mediastinum. 


E. 


The patient died shortly thereafter. 


mean period of follow-up in our series. As- ferred from the chest roentgenogram, It 
sociated roentgenographic evidence of would appear reasonable to employ the lung 
pleural or pulmonary reaction to radia- scan more widely in patients undergoing ir- 
tion was present in these g patients butin radiation of the chest, particularly those 
general was less marked than the altera- who present clinical symptoms of "radia- 
tion of perfusion. Since the extent of re- tion pneumonitis” or respiratory insuffi- 
gional ischemia cannot necessarily be in- ciency after treatment, No other method of 





* 
Lia. 6. ischemia and Radiation Fibrosis Following Remote Irradiation. Patient SB, a 31 vear old female, had 
received tumor doses of 2,200 rin 20 days and 4,200 rin 45 days, 8 and i years before examination respec- 


tinal fibrosis, chiefly left-sided. (B) Lung scan discloses moderately impaired perfusion of the entire left 
lung except in the lower third. 
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comparable ease or simplicity exists for de- 
tecting regional changes in pulmonary 
blood flow. 


SUMMARY AND CONCLUSIONS 
Pulmonary arterial perfusion was 


evaluated by lung scanning in 34 patients 
a neoplasms of the chest or breast. 

In 9 of 12 patients with neoplasms in- 
ie the hilus of the lung, disproportion- 
ate ischemia of that lung was present prior 
to treatment, whereas with peripheral 
tumors ischemia was commensurate with 
the size of the lesion. 

3. Pulmonary ischemia attributable to 
irradiation was demonstrable in 7 of 16 pa- 
tients examined after treatment. Ischemia 
was also found in 2 additional patients 
treated in the past. Roentgenographic 
changes of radiation-induced injury to lung 
or pleura were observed in these 9 patients 
but in gener d were less marked than altera- 
tions 1n perfusion. 

The information uniquely provided 
by lung scanning commends greater use of 
this simple procedure in patients receiving 
radiotherapy for lesions of the lung, breast 
and mediastinum. 

Philip M. Johnson, M.D. 
622 West 168th Street 
New York, New York 1 
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curves, Quimby's experiment on the thresh- 
old erythema dose led to the most useful 
iso-effect curve. Strandqvist's curve, for 
skin cancer and second degree erythema, 
although based on a single lesion in each 
patient and therefore lacking in corrobora- 
tion, has clinical validity because of the 
care in 1ts derivation and construction. 

The ideal test object (Fig. 6) consists of 
multiple similar tumors in the same pa- 
tient. In this way we have studied recur- 
rent chest wall nodules of breast cancer,’ 
mycosis fungoides,’ and Hodgkin’s disease." 

As the succession of new but similar 
lesions in Case 1 emerged, we became aware 
of the unique opportunity to conduct a 
time-dose study leading to the construction 
of an iso-effect recovery curve for this ex- 
ceedingly rare lesion. In this particular pa- 
tient, the choice of tumor doses, some of 
which were obviously excessive and others 
inadequate, was dictated by our interest in 
defining the parameters of the recovery 
curve. 

The data from Case 1 are assembled in a 
scatter diagram in Figure 4. The solid dots 
represent successful doses which destroyed 
the tumor for 3 to 18 years. Doses that 
failed to destroy the tumor are shown as 
open circles. The data did not lend them- 
selves to mathematical analysis; there- 
fore, a freehand iso-effect recovery curve 
was drawn to delineate an optimum time- 
dose zone just above the sublethal range. 
All doses below the curve, with one ex- 
ception, failed to destroy the tumor. While 
this recovery curve is valid for this patient 
only, it is clinically useful. On the basis of 
this curve, one may reasonably state that a 
useful tumor lethal dose for giant cell tumor 
of bone arising in Paget’s disease should be 
in the range of 2,500 to 3,000 rads in 15 
days. The “equivalent single dose” is 


1,900 rads. 


THE CALCULATED RECOVERY FACTOR 


The calculated recovery factor for vari- 
ous tumors and for normal skin has been 
derived by several authors (Table r1). It de- 
fines the slope of the iso-effect recovery 
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TABLE II 
CALCULATED RECOVERY FACTOR FOR 
VARIOUS TISSUES 
Author Tissue Recovery 
Factor 

Cohen? Breast cancer 0.34 
Cohen? Skin (erythema) 0:34 
Quimby and Skin (erythema) 0.22 

MacComb? 
Strandqvist!® | Skin cancer 0.31 
Fredman and | Recurrent breast 0.25 

Pearlman’ cancer 
Friedman and | Mycosis fungoides 0.12 

Pearlman® Mycosis fungoides O.40 
Friedman Hodgkin's disease 0.25 

et al,’ 
Scott and Hodgkin's disease 

Brizel! orthovoltage 0.33 

supervoltage 0.29 

Pearlman and | Giant cell tumor on 0.09 


Friedman Paget’s disease of 
(Present bone 
series) 


curve on a log-log graph. Slopes higher than 
0.20 indicate significant recovery. The re- 
covery factor for Case 1 (benign giant cell 
tumor) is 0.09. This is the lowest recovery 
factor in our experience (Fig. 5). It sug- 
gests that fractionation plays a less signifi- 
cant role in the treatment of this type of 
giant cell tumor than for the other tumors 
listed in Table xi. It may also explain the 
successful technique of earlier years, 
whereby giant cell tumors were treated 
with several courses of irradiation of rela- 
tively small doses in the range of approxi- 
mately 2,000 r per course. 


EQUIVALENT SINGLE DOSE (ESD) 


The lethal dose of a particular tumor 
may be symbolized by an equivalent dose 
given in a single exposure. The ESD may 
be obtained by either of two methods: irra- 
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Taste III 
EQUIVALENT SINGLE DOSES (ESD) 
a Equivalent Method of 
Lesion Single Dose Author Denvation 
Recurrent breast cancer 2,000 r Friedman and Pearlman® MCTLD* 
Mycosis fungoides 
Case 1 800 r Friedman and Pearlman’? MCTLD 
Mycosis fungoides 
Case 11 250r Friedman and Pearlman’ MCTLD 
Skin cancer 2,200 r Strandqvist!® Statistical average 
Skin cancer 2,050 r Ellis* Statistics 
Hodgkin's disease 1,178 rads Friedman eż al! MCTLD 
Hodgkin’s disease 1,750 rads Friedman eż al.’ Clinical approximation 
Giant cell tumor of bone 1,900r Pearlman and Friedman MCTLD 


on Paget’s disease 
(Present series) 





* MCTLD = minimum corroborated tumor lethal dose. 


diating with single doses of different magni- 
tudes until the smallest effective dose is 
established (minimum corroborated tumor 
lethal dose), or by extrapolating the iso- 
effect tumor lethal dose curve back to the 
ordinate representing a single exposure. In 
this study of giant cell tumors, the equiv- 
alent single dose was 1,900 rads and was 
established by the former method. A num- 
ber of equivalent single doses for various 
diseases are tabulated in Table rr. The 
ESD 1s a useful radiobiologic symbol of 
radiosensitivity, although its clinical signif- 
Icance remains to be established. _ 

The cluster of tumors having an equiv- 
alent single dose in the 2,000 rad level 
(Table 111) calls to mind radiobiologic 
studies of tissue cultures of many different 
tumors. It is of interest, and it may be 
significant, that the tumor lethal dose of 
these tumors tends to be similar. 


CONCLUSIONS 


1. Giant cell tumor arising in Paget's 
disease of bone is rare and usually follows a 
benign course. The few cases reported in 
the literature were cured by surgery. We 
believe that irradiation can cure some of 
these lesions. 

2. A clinically useful dose range for this 
tumor is 2,500 to 3,000 rads in 15 days. 


3. An 1so-effect recovery curve based on 
27 time-dose points in I patient was con. 
structed using the “minimum corroborated 
tumor lethal dose" tactic. The calculated 
recovery factor of 0.09 suggests minimal 
tumor recovery between dose fractions fot 
benign giant cell tumor of bone. 

4. The equivalent single dose (ESD) fo: 
giant cell tumor of bone is 1,900 rads. 


Alexander W. Pearlman, M.D. 
Radiation Therapy Division 
New York University Hospital 
560 First Avenue 

New York, New York 10016 
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CLINICAL CONSIDERATIONS AND TREATMENT OF 
IN SITU LOBULAR BREAST CANCER* 


By JOSEPH H. FARROW, M.D., F.A.C.S. 


NEW YORK, NEW YORK 


N SITU lobular cancer belongs to a 

relatively small group of noninfiltrating 
mammary carcinomas that are considered 
histologically malignant but without 
demonstrable invasion of the surrounding 
tissues. While there may be doubt on the 
part of some pathologists and clinicians 
that all of these lesions are true cancers, 
there is accumulating evidence of their 
infiltrative potentialities. The reports of 
Antonius and Jones, Benfield, Jacobson 
and Warner? Godwin,’ and Newman’ 
indicate the risk of infiltrating cancer 
subsequently appearing in breasts where 
limited surgery was performed. A recent 
and excellent study by McDivitt, Hutter, 
Foote and Stewart? covers a long-term 
follow-up on patients who had zw siu 
lobular carcinoma during the vears 1941— 
19:2. Among those who were treated bv 
local excisions only, the cumulative risk of 
developing infiltrative carcinoma was 10 
per cent at the end of § years, 15 per cent 
after 10 years, 30 per cent after 15 vears 
and about 35 per cent after 20 years. Also, 
they emphasized the high risk of carcinoma 
developing in the contralateral breast 
during this time. 


INCIDENCE 


At the Memorial Hospital, from 1949 
through 1965, 403 patients were classified 
as having noninfiltrating cancers of the 


breast (Fig. 1). Of this group, only I 
patient in 1949 was found to have z» situ 
lobular cancer, whereas by 1965 this 


diagnosis was made in 35 (70 per cent) 
of the 50 cases of noninfiltrating cancer. 
We have attributed this increasing recog- 
nition to several factors: first, the careful 


microscopic examination. of more ran- 
domized sections of tissue from benign 
gross specimens; second, wider and more 
frequent diagnostic local excisions; and, 
lastly, mammograms have been helpful 
in a few selected cases. Mammograms of 
operative specimens, as suggested bv 
Snyder,? have in some instances enabled 
our pathologist to select areas for micro- 
scopic studies that otherwise would have 
been overlooked. 

Of the 403 patients diagnosed as having 
noninfiltrating cancer, 161 (40 per cent) 
were classified as having z4 situ lobular 
carcinoma (Table 1). An additional 36 
patients had a combination of this lesion 
and zz situ cancer which apparently arose 
in the terminal ducts of the lobules. This 
is a total of 197 (48.8 per cent) with in 
situ lobular cancers out of the entire series 
of noninfiltrating cancers. Twenty ( 


(10 
per cent) of these 197 patients had simul- 


Number of Cases 





Ex Ito Ne docu boc 
'49 "5I '53 55 '57 '59 '6l '63 65 
Year 


"2l patients had bilateral simultaneous lesions 


Fie. 1. Incidence of noninfiltrating breast cancer 
treated at Memorial Hospital from 1949 through 
1965 in 403 patients. 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1957. 


From the Memorial Hospital, New York, New York. 
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taneous bilateral 77 situ lesions, whereas 
bilaterality was extremely uncommon in 
other types of noninfiltrating cancers. 


AGE DISTRIBUTION, MENSTRUAL 
AND MARITAL STATUS 


The ages varied from 26 to 7o years, 
the median being 47 vears (Fig. 2). 
One hundred and three patients were 
having regular menses and the periods of 
29 were listed as irregular. Therefore, 
132 (66.6 per cent) were showing active or 
declining ovarian function. This percentage 
is almost double that found in patients 
having infiltrating breast cancers. It would 
appear that 77 situ lobular cancer is less 
likely to occur in postmenopausal and 
involuting breasts where the lobular and 
terminal duct cell population is limited. 

Only 21 of the series of 197 patients were 
never married. Of those married, the 
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majority had 1 to 3 children but only 34 
gave a history of having nursed them. 


SYMPTOMS AND PHYSICAL FINDINGS 


Seventy patients had no symptoms. 
Fifty-five had experienced mild pain and 
10g had what they described as a “lump.” 
A bloody nipple discharge had been noted 
by 12 patients and $ others gave a history 
of a serous nipple discharge. 

The physical findings were minimal or 
absent for diagnosis of cancer. Fifty- 
seven patients were described as having a 
poorly defined thickening, 143 a discrete 
mass and in 18 a nipple discharge was 
noted. Ín most instances the "discrete 
mass" could best be described as an area of 
increased density with varying degrees of 
marginal definition. Only 13 patients were 
considered to have skin adherence and in 
none of these was there actual dimpling. 
With very few exceptions, the patients 
were clinically diagnosed as having benign 
lesions (Table 11). 

HISTOLOGIC DIAGNOSIS 

Similar diagnostic difficulties were ex- 

perienced with frozen sections (Table 111). 


Of the 190 specimens submitted for frozen 
sections, 129 (69 per cent) were reported as 


benign, 34 suspicious (hold for quick 
100 — 
| 
| [.] «197 Patients having 
80 in situ lobular carcinoma 
Wi 2i Patients having 
n infiltrating breast cancer 
E o- 54.3 
T E 
z ks (34.3 
& | 
| 
"NO 





60- 69 


50-59 
Age in years 


“40-49 


under 40 


Fic. 2. Age distribution of patients with in sity 
lobular carcinoma and those with infiltrating 
breast cancer. 
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CLINICAL DIAGNOSIS 
In situ 
Lobular and 


/ n situ | Non- 
Lobular | infiltrating 
| Duct 
Infiltrating duct i 
carcinoma | 15 | 9 
Noninfiltrating | | 
carcinoma l | 3 
librous mastopathy %3 | 6 
Cystic disease 68 | 1o 
Intraductal papilloma 9 | 6 
Other 43 | 9 


fixed section) and 27 were diagnosed 
noninfiltrating cancer. 

When zu situ lobular cancer appears, 
the epithelial cells microscopically are no 
longer cuboidal in shape with the usual 
acinus arrangement. The cells become loose, 


larger and rounded with a loss of polarity. 


The lobule becomes distended with dis- 
organized eae dL anaplastic cells 


7 


(Fig. 3 and 4). - here 1s a disappearance of 
the supporting unie mitosis is relatively 
uncommon, Multiple foci are frequently 
found in many areas of the breast. The 
time required for a breakthrough with 
infiltration of the surrounding tissues 
(Fig. §) is not known. 

For manv years previously these changes 
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Fig. 3. Photomicrograph showing a normal breast 
inus on the left and is su carcinoma on the 
right. 


we te 


Á 
x RS 


ow " p” 


on 


fic, 4. An acinus distended with a siu lobular 
carcinoma cells and early infiltrating cancer at the 
lower right margin. 
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Frozen Section 
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obular Carcinoma 


Bilateral | 
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Total Tumors 
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Benign | Re 25 14 2 : 129 
Suspicious : 19 * m i 34 
(hold for fixed section) | 
Malignant 13 2 9 3 = 
Not Applicable 24 As me 3. — dm 27 
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Total | 144 | 34 33 [ 6 217 
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Fic. c. Infiltrating lobular carcinoma. 


were observed but they were not con- 
sidered cancerous until 1941 when, inde- 
pendently and almost simultaneously, 
Muir reported such lesions as (77 situ) 
intra-acinus carcinoma while Foote and 
Stewart? reported them as lobular car- 
cinoma 27 situ. 


TREATMENT 


Treatment has varied from generous 
local excisions to radical mastectomies 
(Table 1v). Today, with few exceptions, 
we favor and do a modified radical mas- 
tectomy, Z.e., a simple mastectomy with a 
partial axillary dissection without removal 
of the pectoral muscles. Our major reason 
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Ün situ | 


| | Lobular | 
| fn situ | and Non- | 
| ao ae | infiltrating | Totals 
Pipe NND P T 
| (patients) | Carcinoma | 
| patients) | 
Local excision | 2ó- 3 3 32 
Simple | | | 
mastectomy | 25 | 6 | 29 
Modified | | | 
mastectomy | 9g! | I4 | 105 
Radical | | 
mastectomy | 21 13 | 34 
Total | 161 | 36 | 197 
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Tapte V 
PATIENTS HAVING IN SITU LOBULAR OR NON. 
INFILTRATING DUCT AND IN SITU CARCINOMA 
WITH PATHOLOGY IN OPPOSITE BREAST 





Time Period | | NC 

in Relation to | ; DM Infiltrat- 

Diagnosis of | Benign | Pitrat- | ing 

" m , i | “ | E 
Noninfiltrating | | C id | Cancer 

Cancer | | ESSE p 

Previous | 68 — | 21 

E i i 
Simultaneous |  — 20 | j* 
Subsequent ig | 1 | 3 
Petal Patients 87 nd | 41 
for this operation is that 79 (67 per cent) 
of 118 mastectomy specimens revealed 


residual zz situ lobular or noninfiltrating 
cancer following local excisions. The pur- 
pose of the partial axillarv dissection is the 
possibility that, despite a most careful 
gross and microscopic examination, a 
minute area of infiltration may have es- 
caped detection. In this series of in situ 
lobular carcinomas, none of the specimens 
has shown axillary lymph node metastases. 


BILATERALITY 

The frequency of simultaneous bilateral 
in situ lobular carcinoma was 10 per cent 
in this series of 197 cases. Of further interest 
is the pathology found in theopposite 
breast, not only simultaneously but before 
and after the treatment for zz situ lobular 
cancer. It 1s particularly noteworthy that 
41 (20.7 per cent) of these patients had 


infiltrating cancers while 11 others subse- 
quently had  noninfiltrating carcinoma 


(Table v). These observations have 
prompted us to perform an increasing 
number of excisional biopsies of the oppo- 
site breast, even though the physical and 
mammogr raphic hndings are minimal. 


SUMMARY 
In situ lobular carcinoma of the breast 
is relatively uncommon but represents the 


earliest of the early cancers which occur in 
the mammary gland. Because of obscure 
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physical findings, it 1s rarely diagnosed 
clinically and frequently missed in gross 
and quick frozen section examinatioris. 
A considerable majority of the breasts show 
a multicentric origin of in situ lobular 
cancer and there is a high risk of leaving 
residual disease after a generous local 
excision. 

The frequency and the time at which a 
breakthrough will occur with resulting 
infiltration are not known but it seems to 
be a matter of years rather than months. 
Only one of the 31 patients listed as having 
been treated by local excisions in this 
series is known to have subsequently 
developed infiltrating cancer in the same 
breast. Most of these cases, however, 
were reported as showing only a single or 
very few microscopic foci of zz situ lobular 
cancer in the multiple fixed sections from a 
local excision. Quite clearly we need to 
know more about the natural course of 
this disease but, unfortunately, unlike 
the cervix, the breast is not easily sub- 
jected to frequent cytologic examinations. 

The high incidence of in situ cancer 
and/or infiltrating cancer in the opposite 
breast has been stressed. 

Finally, I would like to emphasize that 
those of us on the Breast Service at the 
Memorial Hospital believe that the long- 


Joseph H. Farrow 


Marcy, 1968 


term infiltrative potentialities of i situ 
lobular cancer should not be underesti- 
mated and that in most patients the best 
treatment is a modified radical mastec- 
tomy. All of the patients so treated have 
shown no clinical evidence of recurrent 
disease. 


Memorial Hospital 
444 East 68th Street 
New York, New York 10021 
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PRELIMINARY EXPERIENCE WITH PERMANENT 
INTERSTITIAL IMPLANTS USING 
CHROMIUM 51 SOURCES* 


By MELVIN L. GRIEM, M.D.,,f PETER LAZAROVITS, M.D., and PAUL V. HARPER, M.D. 


CHICAGO, ILLINOIS 


A THE 1958 meeting of the American 

Radium Society, Myerst? described 
the possible application of radioactive 
chromium $1 gamma ray sources for 
interstitial radiation therapy and com- 
pared the properties of these sources with 
the physical properties of a number of 
other isotopes. Recently, Henschke, 
Lawrence and co-workers! ? have reviewed 
the experience using permanent interstitial 
implants of several long.lived isotopes. 
Chromium şı has a physical half-life of 
27 days and a decay scheme as shown in 
Figure 1. It decays to vanadium £t with 
the emission of a 323 kev. gamma ray in 
approximately 10 per cent of the time, and 
with the emission of soft x ravs of less than 
10 kilovolts. These soft x rays are almost 
completely absorbed by the chromium 
source itself. The decay scheme shows that 
no beta particles are emitted, making this 
isotope a desirable one for interstitial 
implantation. The I, is 0.18 r per hour at 
1 cm. from a I mc source? Myers? de- 
scribed the fabrication of several sources 
of different sizes. Our method of fabricat- 
ing sources is slightly different and was 
suggested by Mr. Gene Asai of the United 
States Bureau of Mines. 


MATERIAL AND METHOD 


Highly pure chromium wire is drawn 
to proper diameter by passing the wire 
through a heated die which is brought to a 
temperature of 350°C. At this temperature, 
chromium may be drawn to proper sizes 
quite easily and may also be sheared and 
cut very accurately to proper length. The 


highly pure, nonradioactive chromium wire 
was drawn to the diameter of 0.031 inches 
by the United States Bureau of Mines. In 
our laboratory we use a special jig and 
shearing device in a heated oven to shear 
cylinders 2.5 mm. long from this wire. 
These sources are then loaded into 
aluminum cartridges supplied with the 
implantation gun, which is a modification 
of the gun described by Hodt, Sinclair and 
Smithers.? This gun is commercially avail 
able and is shown in Figure 2. Also shown 
is the stainless steel sterilization container. 
Activation of these sources was carried out 
by the Argonne National Laboratory in 
the research reactor CP. ;. 

lhe source strength that proved most 
useful was between 4 and 6 mc per seed. 
Activation took 2 or 3 days. Following 
activation, these seeds were calibrated by 
means of Lauritsen quartz-fiber electro. 
scope and compared with a radium stan- 
dard. A second source was dissolved in 
strong acid and an alliquot of chromium 
solution was counted for activity and 
compared with a liquid standard. The 


21.8 day cr?l 


€ 10% 
rod 0.756 Mev 
€ 90% 
0.321 10% / 
Stable y5l 


Fic. 1. Decay scheme of radioactive chromium £1. 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
From the Department of Radiology, Department of Surgery and the Argonne Cancer Research Hospital operated by The University 


of Chicago for the United States Atomic Energy Commission, The U 
T Career Research Development Award Number sK3CA 19414. 


niversity of Chicago, Chicago, IHlinois. 
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Implantation gun showing aluminum car- 
tridge, straight and curved needles and stainless 
steel sterilizing container. 


li. 


two methods of calibration of the sources 
compared favorably, there being differ- 
ences of less than to per cent between 
them. 

Our first permanent chromium  im- 
plant was made in a patient with me- 
tastases to the presacral area following 
an abdominal perineal resection for squa- 
mous cell carcinoma of the anus. The 
carcinoma was 6 cm. in diameter and the 
chromium sources were implanted per- 
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. 3. Roentgenogram showing the placement 


of the seeds. 


FIG 


4 


cutaneously through the perineum. Long 
spinal 18 gauge needles were positioned 
throughout the tumor and their positions 
were roentgenographed. Following adjust- 
ment of the position of the needles, the 
lesion was implanted sequentially by re- 
moving the spinal needles and implanting 
the needle track with chromium seeds 
using the implantation gun. One chromium 
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FAVORABLE RESPONSE 


Patient Diagnosis Previous Treatment 


Q.D. Carcinoma of anus Surgery 

ES. Carcinoma of cervix, Roentgen therapy and radium 
recurrent 

ED. Carcinoma of breast Roentgen therapy 

M.V. Squamous cell carcinoma of Roentgen therapy 
base of tongue 

A.N. Carcinoma of pyriform Surgery and roentgen therapy 
Sinus 

R.K. Squamous cell carcinoma of Roentgen therapy 
palate, anterior pillar, pos- 
terior tongue 

WZ. Neck metastases, squamous Roentgen and electron therapy 
cell carcinoma 

AK. Squamous cell carcinoma of Roentgen therapy, radium ap- 
cervix with vaginal recur- plicators and radium implants 
rence 

M.S. Squamous cell carcinoma of Roentgen therapy 


iongue 


C 


Seeds and 





No. of 


hromium 


Calculated Dose Comments 


Activity 


7.5 years without recurrence 


5,900 rads 


bor 3.55 ME 
537-2.00 mc — 3,000 rads Abdominal implant. Fistula in. blad- 
der 2 years after implant 
19-3.00 mc 4,600 rads Recurrence at edge of implant 1.5 
years 
s-3.1g mc 3,000 rads Implant in metastatic lymph node. 
Excellent response. No tumor in 
lymph node at autopsy 
o-3.55 mc — 6,000 rads Treatment of recurrence about tra- 
3-2.88 mc cheotomy stoma. No slough 
17-4.50 mc 6.000 rads Excellent local result, recurrence ad- 
jacent to implant 
22-4.00 me 6,000 tc 6,500 rads Al lesions responded dramatically to 
14-5.00 mc implants 
21-4. 50 me 
12-4.00 mc  z,ooo to 5,600 rads — 1 cm, ulcer, 8 months after implant, 
j4-4.60 mc Goad local control 
i-2.]0 mc — 6,o00 rads No recurrence at 6 months 
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Permanent Interstitial Implants 


Tase II 


GOOD RESPONSE 


Patent Diagnosis Previous Treatment 

J.F. Squamous cell carcinoma of Roentgen therapy 
posterior tongue 

0.0. Squamous cell carcinoma of Roentgen therapy and surgery 
larynx 

GP, Carcinoma of oral pharynx Roentgen therapy 

E.C. Carcinoma of cervix with Roentgen therapy and radium 
pelvic metastases 

R.C. Carcinoma of breast with Surgery and roentgen therapy 
skin metastases 

D.K. Carcinoma of larynx Roentgen therapy and surgery 

L.M. Squamous cell carclnoma of Roentgen therapy 
penis with lymph node me- 
tastases 

C.D. Squamous cell carcinoma of Surgery 
anus 

J.A. Adenocarcinoma of rectum Surgery and roentgen therapy 


source or seed was placed in each cubic 
centimeter of the tumor (Fig. 3). Sixty 
seeds, each 3.55 mc, were implanted in the 
tumor giving an estimated tumor dose of 
5,500 rads. Because certain authorities at 
that time expressed concern over the 
possible radiation hazard, no further im- 
plants were carried out for several years. 
Although the patient had initially 213 mc 
of chromium in a permanent implant, 
only 10 per cent of the isotope decays with 
a sufficiently energetic gamma ray to be 
detected. The chromium is extremely 
inert and no radioactivity was found in 
either the stool, urine, or expired air. 

This patient has remained asympto- 
matic. Pelvic examination shows an indu- 
rated area in the region of the previously 
described mass, but there has been no 
progression in this area, nor have me- 
tastases been observed in over 74 years. 

Two years ago we received permission to 
continue clinical investigation of these 
sources provided the patients with such 
implants were correctly identified by an 
arm band and a wallet card. Since that 
time 24 patients have received 30 im- 
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Seeds and Calculated Dose Comments 
Activity 

I4-4.10 mc 6,000 rads nse in the tongue for 6 
nee pirea node metastases 

41-3. 50 mc 5,5001ads Excelent response in neck metastases 
for 4 months 

13-4.80 mc 6,800 rads Autopsy revealed fibrosis and necro- 
sis in ion of the Implant. Pa- 
Gent died of distant metastases 

22-3.Q0 mC 5,000 rad3 Good response of pelvic mass 4 
months after implant 

I13-4.50 mc 6,500 rads New lesions nocens to implant 4 
months follow Trea area 
shows no eecurmence 

14-2.88 mc 4,000 rads Marked decrease in size of neck 
metastases 

Is-4.20m¢e 5,500 to 6, ooo rads Marked shri of lymph node 

52—4.60 mc metastases. Penile lesion showed 
small r cm. ulceration 

19-4.50 mc 5,500 mds No popoe recurrence s months 
after implapt 

27-3.50 mC 3,400 rads Good pain relief and decrease of the 


tumor size for 3 mon 


plants. Most of these patients have re- 
ceived maximum therapy from external 
beam radiation and from radium. Some 
of the patients have had radical surgery 
and chemotherapy, including perfusion. 
Tables 1, 11 and u outline the experience 
in these patients. We have seen necrosis 
and hemorrhage in 3 instances, This 
has occurred in patients who have been 
heavily irradiated previous to implantation 
of the chromium. Four patients have had 
2 implants and 1 patient has had 3 im- 
plants. Where we have made repeated 
implants we have used seeds of 2.5 to 3 mc 
in activity. We have seen excellent re- 
sponse in 9 patients. In these patients the 
area irradiated has shown good local 
control. A number of patients have had 
deep seated tumors which could be ex- 
posed sufficiently to allow implantation at 
the time of surgery. Figure 4 is a roentgeno- 
gram of an implant done 14 years prior to 
this study. At surgery, metastatic lymph 
nodes from carcinoma of the cervix were 
implanted. The patient's pain was re- 
lieved and swelling of the leg decreased. 
Chromium 71, with its relatively long 
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QUESPIONABLE OR UNFAVORABLE RESULTS AND INSUFFICIENT 


Patient Diagnosis Previous Treatment 


Transitional cell carcinoma Roentgen therapy and surgery 
of bladder 


Squamous cell carcinoma of Surgery and roentgen therapy 


cheek 


AS. Carcinoma of cervix with Radhim and roentgen therapy 


vaginal recurrence 


Mucoepidermoid carcinoma Surgery and roentgen therapy 


of nasopharynx 


squamous cell carcinoma of Roentgen therapy 


posterior tongue 


ALR. Carcinoma of cervix with Roentgen therapy and radium 


involvement of bladder 


Q.L. Seuamous cell carcinoma Roentgen therapy 


of buccal mucosa 


half-life, allows us to keep a supply of 
radioactive chromium seeds 1n stock in a 
sterilized lead pot. Two implantation guns 
are available and sterilized ready for use. 
Those sources that decay one half-life 
become half strength seeds for use in 
implantations where a tissue dose of be. 
tween 2,000 and 3,000 rads is desired. 
Fight of the implants have been done under 
local anesthesia in the out-patient clinic. 





hac. 4. A roentgenogram of an implant of a patient 


with recurrent carcinoma. of the cervix with 


metastatic tumor in iac lymph nodes. 


25-2.00 mc 


Ji 
pet 
i 


2073.50 mc 


TIME FOR EVALUATION 


No. of 
Chromium 
Seeds and 


Activity 


Calculated : 
S ae t Comments 


Died of pyelonephritis and septicemia. Insuffr. 
cent time to evaluate 


3,600 rads 


4,300 rads Died of hemorrhage 1 month following implant 


por 


“2,00 mc 


Necrosis and tumor present ab autopsy : month 
later 


4.00 ME 


Normal reaction at 3 weeks. Insufficient follow- 
up 


6-3,60 mc 


Transient response of 3 months duration in 
tongue lesions 


48-3.00 mc — s,ooo rads Necrosis of anterior vaginal wall, Marked relief 
of pain and decrease in infiltrates in. parame- 
inum 

10-3.50 mc — 4,500 rads Only temporary decrease in size of neck me- 


tastüses 


DISCUSSION 


We have found chromium zt seeds to be 
very flexible and useful sources for inter- 
stitial implantation. The relatively long 
half-life, the absence of beta irradiation, 
and the ease of handling have been im- 
portant features. It has been possible to 
keep a stock of radioactive sources con- 
stantly available, sterilized and ready for 
operative implantation in deep seated tu- 
mors. There has been a relatively low 
incidence of tissue necrosis, and in pre. 
viously irradiated areas, the additional 
irradiation from this permanent implant 
has been generally well tolerated. It may 
be that the relativelv low dose rate from 
these permanent implants allows the nor- 
mal tissue to proliferate and repopulate the 
irradiated area. 

We are currently using a computer 
program to investigate the possibilities of 
improving our dosimetry in these implants. 
The late effects of these long lived perma- 
nent interstitial implants are also being 
investigated. 

SUMMARY 


use of a permanent 
implantation. technique is 


1. The clinical 
chromium gi 
described. 

2. Twenty-five patients have had 31 
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THE M. D. ANDERSON METHOD FOR THE COM- 
PUTATION OF ISODOSE CURVES AROUND 
INTERSTITIAL AND INTRACAVITARY 
RADIATION SOURCES* 


I. DOSE FROM LINEAR SOURCES 
By ROBERT J. SHALEK, Pu.D., and MARILYN STOVALL, B.A. 


HOUSTON, TEXAS 


I5 THE nearly 7o years that radium has 
been used for the treatment of malig- 
nancy, the methods of dose control have 
progressed toward a more detailed descrip- 
tion of the radiation distribution as per- 
mitted by the knowledge and technology of 
the time. The early unit of milligram-hour 
reveals nothing of the dose distribution, but 
continues to have some usefulness as a rough 
indicator of patient tolerance to radiation. 
The Paterson-Parker system**355:35 and the 
Quimby system?? were introduced in the 
early 1930s. These highly successful sys- 
tems permit the calculation of a single 
number to represent the dose in a plane 
parallel to a plane of sources or the dose 
near the periphery of an implanted volume. 
The automatic computer has made possible 
the calculation of full isodose distributions 
around arrays of sources. The work of 
Nelson and Meurk?* and of the authors 
has been followed by a number of improve- 
ments and variants,3:/?:1,8,18,20,25,31,38,42,43,49 
A new method initiated 3 years ago at this 
institution,’ together with the earlier 
method, has been utilized routinely in cal- 
culating the dose distributions for about 
300 interstitial implants and 1,500 intra- 
cavitary treatments. 

The physics and mathematics of the 
M. D. Anderson system will be presented in 
a series of three papers. In this paper a re- 
view will be made of the dose expected from 
linear radium sources, including new tables 
of dose rates from various linear sources. 
The second paper? will present the mathe- 


matics of the RADCOMP computer pro- 
gram. This program can be utilized for 
linear or point sources of any isotope. No 
limiting assumptions are required concern- 
ing the position of the sources or the planes 
of calculation. Full isodose distributions are 
automatically plotted and labelled. In the 
third paper," the computer input from 
roentgenograms and the relation of com- 
puter calculations to the Paterson-Parker 
calculations will be considered. A partial 
clinical evaluation of the usefulness of 
isodose distributions has appeared in an ex- 
tensive retrospective study? in which a 
high correlation was demonstrated be- 
tween tumor recurrence and local low dose 
and between necrosis and local high dose. 
An analysis of isodose calculations in four 
planes for treatment of carcinoma of the 
cervix has been presented.? Additional 
clinical evaluation is in progress. 

At the outset of the computer method it 
was decided to calculate the absorbed dose 
in rads as accurately as possible. Ac- 
cordingly, the dose delivered by filtered 
linear sources and the attenuation of 
gamma rays in tissue were considered in 


detail. 


METHOD OF CALCULATION 


There are at least two ways of computing 
the dose from a filtered linear source: (a) by 
dividing the source into a large number of 
point sources (interval method) and (b) by 
use of the Sievert integral. Because of the 
complex gamma-ray spectrum of radium, 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
From the Department of Physics, The University of Texas M. D. Anderson Hospital and Tumor Institute at Houston. 
Supported in part by Grant CA 06294 from the National Institutes of Health. 
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the transmission of gamma rays through 
platinum does not decrease exponentially 
with the thickness of the platinum absorber 
and thus the absorption coefficient varies 
as the gamma rays traverse the platinum 
filter. Therefore, for radium it is more 
accurate to employ the interval method, 
utilizing experimental data for the attenua- 
tion of the gamma rays in platinum; this is 
the method of calculation used to obtain 
the linear source tables presented here. 
However, for regions of interest in radia- 
tion therapy, the Sievert integral is ap- 
proximately equivalent to the interval 
method, provided the effective absorption 
coefficient (defined later) 1s properly chosen. 
Since the Sievert integral is more efficient 
for machine computation, this method is 
employed for routine evaluation of dose 
distributions around arrays of multiple 
sources. 


ABSORPTION IN THE RADIUM SALT 


The calculated dose from a radium source 
should be corrected to allow for the gamma- 
ray absorption in the radium sulfate and 
barium sulfate salts. For medical sources 
the internal diameter of the radium con- 
tainer is about 1 mm. and thus the absorp- 
tion is small. Utilizing several methods of 
calculation!?5:5 and an absorption coef- 
ficient of o.170 cm. ~, a multiplicative cor- 
rection factor of about 0.995 is obtained for 
medical radium sources. 


EFFECTIVE WALL THICKNESS 


The effective wall thickness must also be 
considered in calculating the dose from 
radium in a cylindrical container. Since the 
internal diameter of the needle is finite, 
some of the gamma rays traverse a thick- 
ness of filter greater than the radial thick- 
ness of the wall. Utilizing the method of 
calculation given by Evans and Evans,” 
Keyser^ has calculated the effective wall 
thickness allowing for the increased thick- 
ness of wall which some gamma rays 
traverse (Fig. 1). The effective wall thick- 
ness, rather than the radial wall thickness, 
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Fic. 1. Effective wall thickness of cylindrical ab- 
sorbers.* (Reproduced by permission of the Na- 
tional Research Council of Canada from the 
Canadian Journal of Physics). 


to 


of the needle or tube should be employed 
for calculation purposes. 


ABSORPTION IN PLATINUM WALL 


In using the Sievert integral to calculate 
the dose from a filtered linear source, the 
term "effective absorption coefficient" is 
defined as an absorption coefficient which 
would produce the observed diminution 
of gamma intensity, assuming exponential 
absorption. The experimental transmission 
of radium gamma rays through platinum is 
given in Figure 2. In considering the dose 
delivered to a point from a linear radium 
source, the gamma rays originating at 
different points along the source pass 
through different thicknesses of platinum 
and thus have different effective absorp- 


1.0 
0.9 


0.8 


TRANSMISSION 





0 1 2 3 4 


EFFECTIVE THICKNESS OF PLATINUM (na) 


Fic. 2. Experimental transmission of gamma rays 
of radium in platinum.® 
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tion coefficients. Young and Batho® have 
suggested 1.52 cm.™ as a suitable constant 
value to use for points opposite the active 
length of a source with radial wall thickness 
of o.5 mm. of platinum. The authors ob- 
tained a somewhat different value by 
another method: the dose to points on lines 
perpendicular to the center and active end 
of the source was calculated by dividing the 
source into point sources (up to 100) and 
allowing for the attenuation in the filter 
from each point according to the experi- 
mental absorption shown in Figure 2. In- 
creasing the number of intervals altered the 
dose by less than o.1 per cent. These dose 
rates, which were taken as correct, were 
then compared with those obtained by us- 
ing the Sievert integral with a number of 
constant absorption coefficients. The best 
results were obtained using an absorption 
coefficient of 1.70 cm.— for o.5 mm. plati- 
num filter and 1.50 cm.~ for 1.0 mm. plati- 
num filter. Considering the dose rates on 
the perpendicular bisectors of sources with 
15, 20, 30 and 40 mm. active length and on 
lines perpendicular to the sources at the 
active ends, the average error introduced 
by the choice of these effective absorption 
coefficients for use with the Sievert integral 
is O.2 per cent, with a maximum error of 1.3 
per cent. Beyond the active length of the 
source the error would be larger, with the 
Sievert integral calculation being too low. 
In the RADCOMP program the Sievert 
integral is employed with the above ab- 
sorption coefficients. 


SPECIFIC GAMMA-RAY EMISSION 


The determination of the ionization pro- 
duced in a given volume of air by a stated 
weight of radium element is a problem of 
considerable experimental difficulty which 
has received attention over a number of 
years. Mayneord and Roberts?! determined 
the specific gamma-ray emission (T' factor) 
for a point source of radium filtered by o.5 
mm. of platinum to be 8.3 r-cm.?/mg.-hr. 
Other early values varied from 7.8 to 8.9 
r-cm.?/mg.-hr.1:0416,2,2 The Paterson- 
Parker tables were based on the value 8.4 
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r-cm.?/mg.-hr. A recent determination by 
Attix and Ritz? has yielded a value of 8.26 
r-cm.!/mg.-hr. for radium filtered by 0.5 
mm. of platinum, which 1s in good agree- 
ment with the value published by Mayneord 
and Roberts." The International Com- 
mission on Radiological Units and Mea- 
surements? has recommended that the 
specific gamma-ray emission of radium 
filtered by o.$ mm. of platinum be taken 
as 8.25 r-cm.?/mg.-hr. The T factors for 
radium with other thicknesses of platinum 
filter given in Table x are based on 8.25 
r-cm.?/mg.-hr. for o.5 mm. of platinum 
and on ratios to other thicknesses of 
platinum determined by using the data 
given in Figure 2. 


EFFECT OF CELLULARITY 


In calculating the dose distribution from 
a radium needle, it is usual to ignore the 
cellular construction and consider the 
source as being uniformly loaded. The 
magnitude of the error introduced by 
this approximation is small, as seen in 
Figure 3. At a distance of 0.5 cm. from the 
needle the isodensity patterns are almost 
the same for cellular and continuous 
sources, assuming a separation of x mm. 


TABLE Í 


SPECIFIC GAMMA-RAY EMISSION (I` FACTOR) FOR 
RADIUM POINT SOURCE FILTERED BY VARIOUS 
THICKNESSES OF PLATINUM 





em. '|* 
Filter (mm. Pt) I' Factor 
mg.-hr. 
o 9.09 
0.5 8.25 
0.6 8.14 
o. 8.01 
0.8 7.90 
0.9 7,81 
I.0 7.91 
1.5 7.25 
2.0 6.84 


* These T factors are based upon the experimentally determined 
I' factor at 0.5 mm. platinum filtration with the T factors for 
other thicknesses of platinum filtration derived by ratios to that 
&to.5 mm. platinum determined from Figure 2. 
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fic. 3. Autoradiograph and plot of isodensity lines showing effect of cellularity in a 4.5 cm. active length 
radium needle (3 cell loading). Cell separation is about 1 mm. Markings at the right indicate 0.5 cm. inter- 
vals from the center of the needle. 


between cells. Modern radium sources are 
manufactured to have 1 mm. separation be- 
tween the radioactivitv in the cells, al- 
though a separation of 2 mm. is seen oc- 
casionallv in older radium needles. 


ATTENUATION OF GAMMA RAYS 


In addition to gamma-ray absorption 
in the radium salt and the platinum con- 
tainer, there 1s gamma-ray attenuation in 
tissue, which is taken to be the same as that 
in water. Experimental determinations of 
the changes in radiation dose 1n water com- 
pared with the dose 1n air have been made 
at various distances from sources of radium, 
cobalt 60, cesium 137, and iridium 
[92,15.19,30,57,4148,90,92. Theoretical calcula- 
tions of the diffusion of gamma rays 
through a scattering medium are consistent 
with experimental determinations.” ?* 

For radium sources there is a reduction 
of about 1 per cent per 1 cm. for interven- 
ing tissue up to 4 cm. from the source. A 
more precise description of the etfective 
absorption. of gamma rays from point 


sources in tissue is given by the following 
empirical equation: 


Exposure in water 


Exposure in air 


= A + Br+ Cr+ Dri, (1) 


where 


r = perpendicular distance in centimeters. 


The coefficients 4, B, C, and D for Equa- 
tion 1 are listed in Table n for gold 198, 
iridium 192, cesium 137, radium 226, and 
cobalt 60.75 


LINEAR SOURCE TABLES 


Tables of the dose rates from filtered 
radium sources of various lengths have 
been published. 7*395*5 The parameters 
used in earlier calculations and by the 
authors appear in Table mr. In each case the 
specific gamma-ray emission from un- 
filtered radium was obtained bv calculating 
to zero platinum thickness with the ab- 
sorption coefficient and specific gamma-ray 


Tage H 


COEFFICIENTS FOR EQUATION I TO CALCULATE THE ATTENUATION OF GAMMA RAYS IN WATE R25 





Isotopes A B 
Au” 1.0306 X 10° —8.134X 107 
le 1.0128 X 10? $.019X 103 
Cs 1.0091 X 10" "0401595 IQ * 
Ra™ 1.0005 X 10^ —4.423X10^ 
Co" 9.9423 X 10^ —5$.318X 197? 


MOMERRRMRNRRRRMMRMERRHEMIK!FEETAOEERNDINIEREEERRENEFPEE e ——— cea DEED C tl Cc AM WARS DO AL AY AAAI ed 





C D 


subo X qo 
2.008 X 10? 
s 


NM S 


eu 5g IO —23.817 X 1075 
—- 610x190 1.327 X 107 
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TABLE III 
FACTORS EMPLOYED IN THE CALCULATION OF DOSES FROM LINEAR RADIUM SOURCES 


Paterson and Greenfield Young and 
Parker" e al Y Batho* 
{Sievert (Sievert (Sievert RADCOMP 
integral) integral) integral) ‘Sievert integral) 

I. T factor (no filtration), r-cm.?/mg.-hr. 9.3 9.33 9.08 9.09 

2. T factor (0.5 mm. Pt), r-cm.!/mg.-hr. 8.4 8.4 8.25 8.25 

3. Attenuation in radium salt — 0.15 cm. Included in 0.995 
“effective wall 
thickness" 

4. Effective thickness Pt 

o.5 mm. Pt (nominal), mm. — — 0.56-0.579 2.541 
1.0 mm. Pt (nominal), mm. — — 1.067-1.175 1.080 
5. Absorption in platinum 
o.g mm. Pt 2.0 cm,71 2.0cm.7 Variable 1.70 cm, ^! 
1.0 mm. Pt 2.0 cm. I.94 cm. ! Variable I.50 cm.^! 

6. Attenuation in tissue tes — Equation based Polynomial based 
on experimental on experimental 
data’ data 

4. Units mg.-hr./1,000r r/mg.-hr. rads/mg.-hr. rads/mg.-hr. 

8. rads/roentgen — — 0.97 0.957 

9. Multiplicative factor to obtain rads 0.54" 0.94" ~0.99 ~I.OO 
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Authors 


Linear Source 
Table (intervals) 


9.09 
8.25 


0.995 


O.541 
1.080 


Experimental data 
imental data 

Polynomial based 

on experimental 

data 

rads/mg.-hr. 

0.957 

1.00 


* Minus 1 per cent per cm. for tissue absorption to 4 cm. 


emission appropriate for o.5 mm. platinum. 
New linear source calculations which take 
into account presently known factors are 
listed in Table 1v. These data were com- 
puted by dividing the sources into 40 inter- 
vals and allowing for the experimental at- 


tenuation in platinum (Fig. 2) and in tis- 
sue (Equation 1). The dose rates are given 
in terms of rads per hour per milligram in 
muscle for radium gamma rays at various 
points around sources of the type com- 
monly utilized in therapy. 


Tase IVA 


RADS PER MILLIGRAM-HOUR IN TISSUE DELIVERED AT VARIOUS DISTANCES BY LINEAR RADIUM SOURCES 
FILTRATION =0.5 MM. PLATINUM 


(Dose rates are omitted where 'y rays traverse more than 7 mm. Pt) 


Perpen- 

dicular Distance Along Source Axis (cm. from center) 

Distance 
from 

Source Oo 0.5 I.0 1.5 225 ous 3.0 EE 4.0 4.5 5.0 
(cm.) 

Active Length 1.5 cm. 

0.25 50.67 43.75 11.94 3.34 1.48 „ÎI -50 — — — — 
0.5 20.26 16.95 8.18 3.38 I.7O 1.00 „64 44 231 25 .18 
0.75 10.84 9.29 5.67 2.99 1.67 1.03 69 . 48 2:38 .27 .21 
I.O 6.67 5.89 4.10 2.62 1.55 1.01 . 69 . 50 7 .28 02 
I.5 3.20 2.96 2.38 1.74 1.24 . 89 . 65 .48 29 .29 .23 
2.0 1.85 1.76 1.52 1.23 .96 74 52 45 2E .28 .23 
2.5 1.20 Its 1.04 .89 Gr .60 -49 .40 do .26 .22 
20 .83 „BI .75 .67 .58 .49 .41 .34 .29 094 .21 
Bus 61 .60 257 52 .46 40 £35 £30 .26 un -IQ 
4.0 -47 . 46 -44 .4I M :35 529 .26 523 20 PGs 
4.5 “37 36 35 -33 .30 .28 .26 .22 20 518 .16 
5.0 30 .29 .28 ,27 JE i23 I .1g m i .16 14 
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Tase IVA (Continued) 
Perpen- 
dicular Distance Along Source Axis (cm. from center) 
Distance 
from 
Source o O.£ 1.0 I.5 2.0 2.5 SA Fs 4.0 4.5 $.0 
(cm.) 





Active Lengih 2.0 cm. 
75 9o :54 TE = pe i 





I 
Ons 17.01 15.59 9.97 4.15 1.94 1.09 68 .46 :33 .24 18 
0575 9.56 8.71 6.14 3.38 1.85 I.II 22 50 37 527 <1 
1.0 6.09 5.59 4.23 2.71 1.67 1.07 72. 451 38 29 23 
1.5 2704 2.85 2437 1.76 1.29 g2 .67 .50 38 30 24 
2.0 1.79 1:71 1.91 1.24 97 75 .58 45 36 29 23 
248 1.17 1-13 1.03 .89 75 .61 49 40 33 29 22 
3.0 .82 .80 75 .67 58 49 42 35 29 25 21 
ace 60 $9 56 “RI 46 .40 35 3o 26 22 9 
4.0 46 46 44 4l 237 33 29 26 23 20 17 
4.5 36 36 35 33 30 .28 25 22 20 18 16 
5.0 29 29 28 427 .25 .23 21 Ig 17 16 I4 
Active Length 2.5 cm. 
0.25 32.92 32.16 23.00. "4 2.04 I.04 60 — AE — aaa 
0.5 14.54 13.89 II.OI 5.39 2.33 1.22 74 49 34 25 I9 
0.75 8.46 8.00 6.39 3.89 2.11 1.22 208 $3 38 28 25 
1.0 5.54 5.23 4.28 2.94 1.83 1,16 199 54 40 30 23 
I5 2.86 2471 2.35 1.83 1.34 96 [90 52 39 30 24 
2.0 1.59 1.66 1.48 1.24 99 i .60 47 37 29 24 
2b I.I4 I.II 1.02 . 89 75 62 . 50 41 33 27 23 
3.0 80 79 74 .66 58 .50 -42 35 30 25 21 
fb 60 58 56 .5I 46 .40 35 30 26 22 9 
4.0 46 45 43 «40 37 -33 30 26 23 20 17 
4.5 36 36 34 i5 .30 .28 ag 22 20 18 16 
5.0 29 29 28 7 .25 .23 21 Ig 18 16 14 
Active Length 3.0 cm. 
27.93 27.58 25.77 14.50 2.20 1.28 — — = = aca 
12.64 19.35 IO.9I 6.96 2,97 I.43 .83 .53 .36 26 20 
7.54 7.28 6.33 4.42 2.47 1.39 .85 257 .40 .30 2213 
5.04 4.85 4:22 Bs ld 2.03 1.28 .83 -57 .42 31 24 
1.5 2.69 2.69 2.30 1.87 I.40 1.02 ‘73 54 .41 31 26 
2.0 1.65 1.60 1.46 I.25 I.OI 80 . 62. . 48 38 30 24 
2.5 I.1I 1.08 1.00 89 76 .63 51 .42 34 28 23 
3.0 79 227 33 66 58 .50 42 36 30 25 21 
3.5 58 . 58 55 51 46 .41 35 31 26 23 19 
4-0 45 -44 43 40 37 -33 3o 26 23 20 18 
4.5 36 458 34 32 .30 .28 26 23 20 18 16 
5.0 29 .29 28 27 $25 .23 21 I9 18 16 I4 
Active Length 3.5 cm. 
(e Ud 24.22 24.05 23.25 19.45 $.5I 1.68 — — — — = 
O.5 11.16 10.98 10.26 8.08 3.99 1.77 .95 .59 . 39 .28 „2I 
0.75 6.78 6.63 6.06 4:79 2.94 1.62 .96 . 62 .43 t . 24. 
1.0 4.61 4.49 4.07 3.28 2.26 1.43 .92 .62 -44 :29 .26 
1.5 2.53 2.46 2.24 1.89 1.47 1.08 .78 e -43 333 .26 
2,0 1.58 1.54 1.42 1.24 1.03 .82 64 . $0 -39 .31 .25 
2.5 1.07 1.05 .98 .88 .76 „64 o .43 -35 .29 24. 
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Taste IVA (Continued) 


Perpen- 
dicular Distance Along Source Axis (cm. from center) 
Distance 
from 
Source o 0.5 1.0 145 2.0 2.5 3.0 2.5 4.0 4.5 $.0 
(cm.) 
Active Length 3.5 cm. 
3.0 77 .75 .71 .65 .58 „50 43 236 31 .26 4:22 
EM (67 .57 . 54. . 50 .46 4I .36 31 27 .23 .20 
4.0 44 -44 .42 .40 .37 (nq "0 26 523 .20 .18 
4.5 NO .35 -34 4:32 .30 .28 .25 dE 20 .18 .16 
5.0 520 .28 .28 .26 “25 ER .21 „I9 .18 416 14 
Active Length 4.0 cm. 
0.25 21.38 21.28 20.87 19.44 10.96 — — — — — — 
Os 9.97 9.87 9.48 9.34 $4935 2:31 Jelg . 66 -43 40 590, 
0.75 6.14 6.05 re bs 4.91 3.43 1.94 . XI .69 -47 229 .25 
I.O 4.23 4-15 3.88 2:55 2.48 I.Ó1  I.03 .68 .48 sae .26 
I.5 2:19 2.32 2.16 1.89 0.62 I.14 .83 .61 -45 -34 ;27 
2.0 isei 1.247 1,38 1.23 I.04 .85 .67 £92 4I 42 26 
2.5 1:03 I.OI .96 .87 76 65 54 44 36 .29 24 
3.0 75 278 70 65 .58 „5I 44 (37 531 .26 .22 
3r . £6 DER -53 .50 . 46 „4I .36 231 25 23 .20 
4.0 : 44. -43 42 .39 Sri 133 .30 ,27 223 2I .18 
4.5 35 34 X M o .30 .28 .25 025 20 .18 .16 
5.0 .28 .28 123 .26 25 24 .21 .20 .18 .16 „I4 
Active Length 4.5 cm. 
0.25 19.12 19.06 18.83 — — — — — — — — 
0.5 g.OI 8.95 8.71 8.09 6.36 3.16 1.42 Mri . 498 «35 .24 
0.75 5.60 5.54 5.33 4.94 3.81 2.35 1.31  .79  .52  .36 8.27 
I.O 3.90 3.85 3.67 3.29 2.65 1.83 1.16 .76 .52 207 .28 
1.5 2.23 2.19 2.07 1.86 1.56 I.21 89 65 48 36 28 
2.0 1.44 1.41 1.34 1.22 1.05 .87 69 $4 -43 .34 209 
245 99 .98 .93 .86 .76 .66 55 +45 a7 30 Vae 
2:0 ‘72 E .69 64 58 51 44 38 «32 27 23 
5.6 .5$6 . 54. E -49 -45 4I .36 ino 423 -24 .20 
4.0 -43 .42 41 39 . 36 :$5 236 27 24 .21 .18 
4.5 «34. 34 33 :25 430 ;27 (QE j25 .20 .18 .16 
5.0 .28 .28 .27 .26 sae Ph .21 .20 .18 .16 „I4 





Actice Length 5.0 cm. 
0.926 17.29 17.25 — — — E == oa = Lx e" 


O.5 8.21 8.17 8.02 7.66 6.73 4.31 1.88 -93 -55 — -— 
0.75 5.15 §.11 4.97 4.66 4.00 2.80 1.59 .92 .58 .40 .29 
1.0 3.62 3.58 3.45 3:26 2.74 2.04 1.33 .86 CF .40 .30 
1.5 2.10 2.07 1.98 1.82 1.58 1,27 .96 .7O coa .39 -30 
2.0 1:39 1.35 1.29 I.I9 1.06 . 89 .72 (57 -45 1 .28 
2.5 .96 -94 .9I 84 536 .66 56 .47 . 38 .31 .26 
3.0 270 .69 .67 .63 .58 . 5I -45 .38 233 27 .25 
que .54 253 „SI -49 -45 .41 .36 «4 .28 24 22 
4.0 .42. .42 .40 .38 36 323 .30 223 24 .21 .18 
4-5 34 33 E) JA .29 277 ;28 23 .21 .18 .16 
5.0 27 27 27 .26 .24 “24 .21 i25 .18 .16 cI 
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Tase IVB 


RADS PER MILLIGRAM-HOUR IN TISSUE DELIVERED AT VARIOUS DISTANCES BY LINEAR RADIUM SOURCES 
FILTRATION = I.O MM. PLATINUM 


(Dose rates are omitted where y rays traverse more than 7 mm. Pt) 


E E Distance Along Source Axis (cm. from center) 
from 
Source (cm.) o O.5 1.0 1.5 2.0 2.5 3.0 as 4.0 4.5 5.0 
Active Length 1.0 cm. 
0.25 62.10 36.03 6.45 — — — — — — — — 
Q.6 22.57 15.50 $.88 2.48 1.26 73 „46 — — ~ = 
0.75 11.37 8.78 4.52- 2:36 434 81 53 197 26 20 16 
1.0 6.75 5.62 3.56 2.09 1,28 82 56 .40 29 22 17 
I.5 3.12 2.83 2.19- .X3203- 497 36 -55 .41 31 24. I9 
2.0 1.78 1.67 I.41  I.II .85 64 -49 .38 30 24 Ig 
2.5 1.14 I.09 97 82 67 .53 43 34 28 23 19 
3.0 79 77 71 62 53 -44 37 30 25 21 18 
3.5 58 57 53 48 42 .3] 31 27 23 19 16 
4.0 44 43 41 38 34 — .30 27 23 20 17 15 
4.5 35 34 33 31 .28 .26 23 20 18 16 14 
5.0 28 27 27 25 .24 ,23. 20 18 16 14 13 
Active Length 1.5 cm. 
0.25 45.87 39.70 10.19 — — — — — — — — 
0.5 18.56 15.51 73.95 2,88. 1.19 . 78 49 — — — — 
0.75 10.01 8.54 5.10 2.60 1.43 86 455 .38 Roig, 20 16 
1.0 6.20 5.44 34,79. 9193". 14238 .86 . 58 41 .30 .22 I7 
is 2.99 2.75 2:18. 1.57 1.16 78 56 41 3I 24. 19 
2.0 1.73 1.64 1.40 1,12 86 65 50 39 30 24 20 
2.6 1.12 1.08 .97 82 .67 -54 43 :35 28 23 19 
du 78 76 70 62 S -44 27 31 26 2t 18 
3.5 57 56 53 48 — .42  .37 31 27 23 19 17 
4.0 44 43 41 39 «34 .31 27 23 20 17 Ij 
4.5 34 34. 33 3I 28 .26 23 20 18 16 I4 
5.0 28 27 26 25 23 .22 20 18 16 14 13 
Active Length 2.0 em. 
0.25 36.04 34.29 — — _ — — — — — — 
Gor 15.50 14.23 8.99 3.57 1.60 .86 H3 — -— -— — 
0.75 8.78 8.00 5.57 2.97 1.59 -93 ($9 . 40 .28 .21 .16 
I.O 5.62 1S 3.86 2.42 1.46 .92 „61 43 şi .23 .18 
1.5 2.83 2.65 2.18 1.62 1.14 .81 . $8 43 (32 25 .20 
2.0 1.67 1.59 1.39  I.13 . 88 .67 .5I .40 241 25 526 
2.65 1.09 1.06 .96 82 .68 -58 -44 .35 .29 .23 .19 
3.0 27 75 «69 62 53 45 37 “31 .26 22 .18 
275 T yi -55 .52 -48 E .37 :29 a7 .23 .20 17 
4.0 -43 -43 „4I .38 -34 .3I jay i59 .20 .18 Ib 
4.5 -34 -34 102 Pas .28 .26 .23 .20 218 .16 l4 
5.0 417 By . 26 .25 “43 .22 .20 .18 .16 14 13 
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When corrected to absorbed dose, the 
specific gamma-ray emission of 8.25 r-cm.2/ 
mg.-hr., and for tissue absorption, the 
Paterson-Parker," the Greenfield et al," 
and the authors' tables for linear sources 
agree to within about 1 per cent for fil. 
trations of o.s mm. platinum in regions 
opposite the active length. However, due to 
the choice of absorption coefficients em- 
ploved in the Sievert integral for sources 
with 1 mm. platinum filtration, differences 
of up to II per cent at o.s cm. from the 
sources and 3 per cent at 1 cm. and beyond 
are noted with the Paterson-Parker tables 
(with allowance for change in the specific 
gamma-ray emission, tissue attenuation, 
and absorbed dose). Differences of 3 to 4 
per cent are noted with the Greenfield 
et af., tables in regions opposite the active 
length and much larger ditferences bevond 
the active ends. The dose rates in the tables 
presented here are higher than in both of 
these tables. As pointed out by Greenfield 
et al. there are inconsistencies in the 
Quimby tables’? which have also been 
noted by the authors. 

The tables by Young and Batho” give 
the dose rates in considerable detail and 
may be applied to sources of any length. 
These tables and the authors' tables agree 
to within about 1 per cent at both o.z mm. 
platinum and 1.0 mm. platinum filtration 
opposite the active length and to within a 
few per cent beyond the active ends. The 
agreement is not surprising since the tables 
are based upon the same experimental 
attenuation of gamma rays in platinum; 
the Young and Batho method, however, 
employs an additional step of deriving a 
variable absorption. coefficient to be used 
with the Sievert integral. 


SUMMARY 


A review of the physical factors that 
are used to compute the dose in rads at 
points around linear radium sources has 
included a consideration of the gamma-ray 
absorption in the radioactive source and 
the container, the effect of cellularity in the 
source construction, and the effective ab- 
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sorption coefficients for use with the Sievert 
integral, 

The effective attenuation in tissue of the 
gamma rays of gold 198, iridium 192, 
cesium 137, radium 226, and cobalt 60 have 
been considered. 

In addition, new tables based upon 
recent experimental data are given for the 
radiation dose around linear radium sources, 
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vision. The approximation remains good 1n 
the case that u! depends on r; the error 
estimates given above may not hold since 
r* 1s changed, but for the usual situations 
encountered in practice, this does not 
appear to be the case. 

In calculating the dose on a plane 
rectangular grid, a considerable amount 
of work can be saved bv arranging the 
calculations so that the appropriate values 
of Xa, Xz and Y, can be obtained incre- 
mentally; this can be done even if the plane 
does not contain the source. Extraction of 
roots can be eliminated by storing a table 
of exp( — ulr) versus 7? for the table lookup. 


LOCATION OF SOURCES FROM 
STEREO-ROENTGENOGRAMS 


Source locations are usually determined 
by measurements on roentgenograms. Pro- 
cedures frequently used depend on accurate 
positioning of roentgen-ray equipment rel- 
ative to the films. The present program 
reduces the possibility of error in such 
procedures by determining the relative 
positions of the stereo-roentgenograms 
and the roentgen.ray tube directly from 
projections of fiducial points on the roent- 
genograms. Details of the method are 
given in a report which is available from 
the author.? 

Consider a set of points Pi (papis pis), 
t=1, 2,°-°-, 2, which we shall call the 
fiducial points. Suppose that the roentgen- 
rav source is located at $= (31,523). We 
shall assume that the points P; represent 
the centers of radiopaque spheres whose 
images appear on the roentgenograms. 
Assume further that the film hes in the 
plane [LX,Y,—4)], where 4 is some fixed 
number which we assume to be negative 
(as in the case that the origin of the coor- 
dinates lies on the surface of the roentgeno- 
graphic table and the film is held beneath 
the table). Let Pr =(P: Pi, pi) denote 
the location of the projection (image) ot P; 
onto the film; then 


pa = — d, pom 1,- 
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and we have 
P; = A; -j (1 ee ADP s 


where 


jg T 


Pi 93 


Now assume that the coordinates of the 
points P/' are measured with respect to an 
origin O' on the roentgenogram, and that 
the O' coordinates are parallel to the O 
coordinates, but that the first two coordin- 
ates have been shifted by an amount a and 
8, respectively, so that the O' coordinates 
of ps are (piste, Pi xt B, e. 

Let pa* and pa” be the measured values 
of pa +a and pis'-- B, respectively, in the 
O’ coordinates. Let ea and es, the errors in 
the measurements of the coordinates, be 


defined bv 
ea = ut Pa = a, 
én = pa — pa — B, a= 1,2, 7, n. 


The program determines a, 8, Si, Ss, and S; 
which minimize the square error 


n 


2 le + e]. 
fes] 

Small errors in orientation of the co- 
ordinates are corrected by a similar least 
squares estimation of the angle of rotation 
prior to the determination of a, B, Si, Sa, 
and $, Thus, each pair of roentgenograms 
contains enough information to completely 
determine the positions of the films and the 
roentgen-ray source, thereby eliminating 
the need for precise positioning. during 
roentgenography. 

Once the locations of the roentgen-ray 
source are known, the determination of the 
locations of points from images on two or 
more roentgenograms is rather straight. 
forward except that the etfect of small 
errors must be taken into account. For 
point sources the optimum location is at the 
midpoint of the shortest line segment join- 
ing the lines of projection onto the images. 
For linear sources the same method can be 
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used but it is also possible to 1mprove the 
estimates by making use of the known 
length of the source. 
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INTERSTITIAL AND INTRACAVITARY 
| RADIATION SOURCES: - 


CALC U LAT IONS T O T HE PAT E RSON-PAI R KEI R SY ST EM 


By MARILYN STOVALL, 


ER computer program described here, 
walled RADCOMP, was designed to 
calculate radiation distributions around 
multiple radioactive sources in individual 
treatments. A computer of the CDC 1604 
or IBM 7994 capability is required. The 
features of the program and its application 
in routine dosimetry of interstitial and 1n- 
tracavitary implants as well as the relation- 
ship between the full isodose distributions 
and the Paterson-Parker system will be 
considered. The first paper in this series! 
gives the data used as the basis for the cal- 
culations and the second paper in this 
series! presents the mathematical aspects of 
the method and the computer technique 
utilized for computation. 

An electronic computer was first used for 
interstitial dosimetry in this institution in 
1960" employing a program which offered 
many advantages over manual calcula- 
tions but had some limitations: in the ear- 
lier program all needles were considered to 
be parallel or perpendicular to each other 
and to the planes of calculation; the tvpes 
of sources were restricted to those for 
which extensive tables had been computed 
previously; and isodose curves were simu- 
lated bv grid patterns from a printer. 


FEATURES OF THE COMPUTER 
PROGRAM A ADCOM n 


aot a was eee towar id psc a 
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general program which would accept input 
data with no serious restrictions on the 
specification of types and locations of 
sources. As a result, the versatility of 
RADCOMP represents a significant Im- 
provement over the computer method used 
previously. The principal features of 
RADCOMP are outlined below; for details 
concerning the program the reader 1s re- 
ferred to Paper 11 of this series! and a user's 
manual which is available from the authors. 


TYPES OF SOURCES 

Since all calculations are done at object 
time, there are no restrictions concerning 
the tvpes of sources used; these may be 
seeds, needles, or tubes with radium or any 
other isotope as the radioactive element. 
Dimensions, such as active length, physical 
length, and filter thickness, may be chosen 
arbitrarily, as well as values for the ac- 
tivity, the specific gamma-ray emission and 
the filter absorption coefficient. The data 
which are used for routine calculations in 
this institution are given in Paper 1." 


PLANES OF CALCULATION AND LOCATION 
OF SOURCES 
A plane of calculation may le at anv 
angle to the sources and may intersect the 
sources or be located at any distance from 
them. Each source is considered individu- 
ally and is not required to be parallel or 
perpendicular to other sources. If several 
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bic. 1. (4) Lateral and (8) anteroposteri or roentgenogt 
1 : 1 = 1 Lo nn 
border of the tongue. The implant is composed of 8 Indian-club needles, 


active length, o.6z mm. platinum filtration. 

planes of calculation are desired, these mav 
lie at anv angle to each other without trans- 
formation of the coordinate system by hu- 
man effort. For each plane, the over-all 


dimensions and distance between points of 


calculation (grid size) are both variables 


( 
which are selected according to the type of 
1 


treatment and region of interest, 


METHOD OF CALCULATION 


For each plane of calculation the dose 
rites from all sources are computed and 
summed for points on a grid. Dose rates 
trom linear sources are evaluated using the 
Sievert Integral; seeds are considered as 
point sources by using the inverse square 
law. For both tvpes of sources, an empirical 
polynomial? is used to n the attenu- 
ation of the gamma rays In tissue with polv- 
nomial ee suitable for various 
isotopes, All of the factors required for cal- 
culation are listed in Paper 1. 

OUTPUT DATA 


An incremental plotter automatically 
draws and labels ja isodose curves and 
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‘aims of an interstitial radium implant of the latera. 


r.66 mg. radium eacl 


1, 40 cml 


plots the projection of the sources onto the 
plane of calculation. These graphic output 
data may be drawn actual size or to any 
degree of magnification. In addition to 
isodose curves, a tabular listing of dose 
rates on the grid of points can be obtained, 
although this listing is rarely 
routine dosimetry. 


useful for 


USE OF ROENTGENOGRAMS TO 


DERIVE INPUT DATA 

Since individual dose computation is 
based on the actual implant, rather than 
the planned implant, sources are localized 
by roentgenographv. RADCOMP. allows 
input data to be derived from either of two 
sets of films: orthogonal roentgenograms or 
stereo-roentgenograms. Both types of films 
have been used for many years in manual 
methods of dose assessment and the details 
of deriving the geometry of implants from 
films has been discussed." 


ORTEOGONAL ROENTGENOGRAMS 


The program input includes the location 
of the sources by specifving their x, y, and z 
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B. Dose distributions for this application 


are shown in Figure 4, 4, B and C. 
. Plane 3 (Fig. 4C) passes 


through the pelvic brim. 
STEREO-ROENTGENOGRAMS 


For most cases, input data can be derived 
from orthogonal roentgenograms with suf- 


the vaginal ovoids and through the internal 
A and B and the dose distribution in a ficient convenience and accuracy. However, 


os. Plane 2 (Fig. 4B) is a sagittal plane pas- 
for implants in which one has difficulty 


matching the images of individual sources 


Usually, 1 to 3 planes of calculation are on orthogonal roentgenograms, as is usual 
the option of using stereo-roentgenograms 


with seed implants, it is desirable to have 
for localization. 


sing approximately through the axis of the 


I (Fig. 44) passes through the centers of 
identified in both uterine tandem 


Method for Computation of Isodose Curves 
from orthogonal roent- 


Ing 


Example r: The roentgenograms of an 
interstitial radium implant of the lateral 
border of the tongue are shown in Figure 1, 

Example 2: The roentgenograms of an 


coordinates in a Cartesian coordinate sys- uterine cervix are shown in Fi 
intracavitary radium application to the 


genograms it 1s convenient to make the 


reference plane parallel or perpendicular to 
one of the roentgenograms; the three dis- 
tances can then be measured directly on the 


films. A plane of calculation is defined by 


specifying 3 points, 
roentgenograms, through which the plane 


passes. 
midplane perpendicular to the average di- 
rection of the needles is shown in Figure 2. 


requested for an interstitial implant. 
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Fic, 2. Isodose curves in a plane bisecting the needles shown in Figure 1. A I mm. grid is in the background. 
The units are rads per hour. 
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hic. 3. (4) Anteroposterior and (B) lateral roentgenograms of an intracavitary implant of Fletcher cervical 
applicators. The appheators are loaded with 154-1047 to mg. radium tubes in the uterine tandem and 20 
ie US 


+ 20mg. radium tubes in the vaginal colpostats. The sources are 1.5 cm. active length with 1.0 mm. plat- 
inum filtration. 


For use with the RADCOMP program, 
stereo-roentgenograms are taken using the 
special equipment shown in Figure $5. A 
plate beneath the patient is embedded 
with 8 lead shot which delimit a 20X20 
cm. square. Attached to this plate is a 
plastic arm which contains 4 lead shot 
rigidly positioned in a plane parallel to the 
plate with a separation of 30 cm. between 
the 2 sets of lead shot. The images of the 
12 shot are projected onto both stereo- 
roentgenograms and constitute “fiducial 
points" which indicate the geometric fac- 
tors used 1n taking the roentgenograms and 
form a frame of reference for localization of 
the sources. A target-film distance of 100 
cm. and a tube shift of 20 cm. are normally 
used but these distances are not critical 
since the actual distances are computed 
using the locations of the “fiducial points.” 


The locations of the images of the sources 
and the “fiducial points” in both roentgen- 
ograms are specified by measuring their 
locations in a two-dimensional Cartesian 
coordinate system, It is not necessary to 
make allowance for magnification of the 
images. From these data, the computer 
calculates the actual locations of the 
sources in space. The basis of the calcula- 
tion is similar to that used for three-cdi- 
mensional reconstruction. 

A plane or calculation is defined by speci- 
fying the locations of 3 points through 
which it passes; these points may be any 
points which can be located in the 2 roent- 
genograms, such as anatomic landmarks or 
sources. @ 

Example 3: Stereo-roentgenograms of a 
gold 198 seed implant are shown in Figure 
6, ,Í and B. The dose distribution was 
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Fic. 4. [sodose curves around the applicators shown in Figure 3. A 1 mm. grid is in the background. The 
ra are rads per hour. C4) A plane passing through the internal os and the centers of the colpostats. (B) A 


sagittal plane passing approximately through the uterine tandem. (C) A plane passing through the pelvic 
brim. 
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hic. 5. Gd and B) Stereo-roentgenograms of an interstitial seed implant of the undersurface of the tongue and 
: : 


door of the mouth. The implant is composed of 17 gold 198 see 
alent each at the time 


TEM 


px 


is with an activity of 0.925 mc radon-equiv- 
i "fiductal points." 












— 








of implantation. The white dots indicate the images of the 
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computed in a sagittal plane passing 
through the center of the implant (Fig. 7). 

The present version of RADCOMP re- 
quires that for both types of roentgeno- 
grams, orthogonal and stereographic, the 
two images of a source must be matched 
manuallv before the input data are coded. 


allow input data from orthogonal roent- 
genograms to be listed in random order 
with automatic matching of the two images 
of a source; this feature greatlv reduces the 
time required to prepare input data and in- 
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creases the accuracy of localization of 
sources. This capability is being incorpo- 
rated into RADCOMP for both orthog- 
onal and stereo-roentgenographic input 
data but 1s not vet operational on a routine 
basis. 


CONVERSION OF DOSE IN ROENTGENS 
(PATERSON-PARKER) TO RADS 


THE 

There have been more than three decades 
of successful clinical experience using the 
Paterson-Parker system?” for assessment of 
dosage from individual implantations, With 





Fic. 7. Isodose curves around the seeds shown in Figure 6. A 1 mm. grid is in the background. 
The units are in rads. 
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the opportunitv of developing full isodose 
distributions with electronic computers, it 
is important to ensure 
clinical experience between the Paterson- 
Parker svstem and the computer methods. 
Isodose curves are computed in rads while 
the Paterson-Parker tables were computed 
in roentgens with approximations included. 
To compare the results of the two methods 
quantitatively for interstitial implants, 4 
factors must be considered: 


SPECIFIC GAMMA-RAY EMISSION (T FACTOR) 


The Paterson-Parker tables were pre- 
pared using 8.4 roentgens per hour as the 
dose 
radium filtered. by o. mm. platinum. 
More recent measurements indicate that 
this dose rate 1s 8.25 roentgens per hour, 
which is the value recommended by the 
International Commission on Radiological 
Units and Measurements.* Thus the dose 
rates derived from Paterson-Parker tables 
should be reduced bv the ratio of 8.25/8.40. 


OBLIQUE FILTRATION 


In the preparation of the Paterson. 
Parker tables the attenuation of dose due 
to oblique filtration was not allowed for 
completely.!:? For this reason, the dose 
from a typical implant is approximately 2 
to 4 per cent less than that calculated by 
the Paterson-Parker tables. 


ATTENUATION OF GAMMA RAYS IN TISSUE 


since the Paterson-Parker tables give 
exposure dose in air, no allowance was 
made for the attenuation of gamma rays 
in tissue, which is about 1 per cent per 1 
. for the gamma rays of radium up to a 
distance of 4 cm. as discussed previously." 
ABSORBED DOSE 
For radium, the exposure dose in roent- 
gens Is multiplied by 0.957? to obtain the 
absorbed dose in muscle expressed 1n rads. 
When all of the above correction factors 
are considered, the factor to convert Pater- 
son-Parker dose in roentgens to rads in 
muscle varies from 0.897 to 0.910 for the 
planar and volume implants shown in 
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continuity of 


rate in air from a point source of 


Marcy, 


Table 1. It is recommended that a si 
conv ersion factor of o.9o rads per “ro 
gen” z calculated from Paterson-Pa 
tables) be applied to obtain the abso: 
dose in rads for volume implants 
planar implants at distances less than 
cm, At 2.5 em. and bevond, the correc 
factor will be less due to increased atte: 
tion in tissue. 

To confirm the validity of the ab 
conclusions, the relationship betw 
Paterson-Parker roentgens and rads 
been studied in another way: by analy. 
several planar and volume implants \ 
ideal geometry and distribution. For « 
implant, ¢ sets of isodose curves were 
tained which were equivalent to the Pa 
son-Parker stated dose multiplied by c 
0.88, 0.90, 0.92, and 0.94, as well as the « 

rates 10 per cent above and 10 per cent 


Tagi l 
CORRECTION FACTORS TO CONVERT PATERSON 
PARKER ROENTGENS TO RADS 


$.25/8.40 
rads/roentgen 


(1) P Factor Correction: 
Ed peso Dose: o 


0.957 


Rad/Patei 
(2) (4) Parke: 
Obhque Tissue Roentgi 
Filtra- — Absorp- XO 
tion tion 2500] 4 
Plane, 3X 3 em., 
at o. 4 cm. 5.975 O.gg2 Q.609 
Foc: O.984 O.984 O.9g11 
1.5 cm. O.990 Ovg s Oo.gob 
Plane, 4X 4 em., 
at o. 5 cm. 0,972 O.699g1 D. Gos 
1.0 cm. 0.982 Oo. 981 OJO 
1.6 cm. 0.987 0.972 0.902 
Plane, 4.5X 5$ em., 
at 0.5 cm. Oo. 96 0.988 Q. NYX 
10 6H. DIO 0.979 O.901 
1.5 cm. O.985 0.970 Oo. 8gh 
Volume, 
IKA NENG O.g7$ O.g86 O.904 
Volume, 
4424 cm. 9.972 O.984 0.899 
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low each corrected Paterson-Parker dose. 
Isodose curves for 2 of the implants con- 
sidered are reproduced here: a 4X4 cm. 
plane in Figure 8, ,7 and B, and a 3X 3X3 
cm. cylinder in Figure 9, .f and B. For 
the planar implants each correction factor 
was evaluated by considering the dose dis- 
tributions in a plane o.g em. from and 
parallel to the needles; in the area bounded 
bv the projection of the peripheral needles 
the areas were measured which received 
equal to or greater than the 3 dose levels: 
the stated dose (the corrected Paterson- 
Parker dose), 10 per cent above, and 10 per 
cent below the stated dose. For example, the 
Paterson-Parker dose rate for the 4X4 
cm. plane is 47.6 roentgens per hour at o.4 
cm. Using a correction factor of o.go, the 
stated dose rate 1s 42.8 rads per hour; the 


plane (B). All needles are radium, 0.66 mg./cm,, 
og mm. platinum filtration. The isodose curves 
for the stated dose (Paterson-Parker roentgens) 
Xo.go and the doses 10 per cent above and 10 per 





Fic. 8. Isodose patterns in the perpendicular mid- cent below thus dose are shown. The units are 
plane 7) and in a plane o.5 cm. from a 4X 4 cm. rads per hour. 





lic. 9. Isodose patterns in the perpendicular midplane (,7) and in the perpendicular plane o. $ cm. inside the 
end (B) for a crossed cylindrical volume implant, 3 cm. in diameter and 3 cm. in length. All needles are 
radium, 0.33 mg. /cm., o.5 cm. platinum filtration. The isodose curves for the stated dose (Paterson-Parker 
roentgens) Xo.go and the doses 10 per cent above and 10 per cent below this dose are shown. The units are 


rads per hour. 
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areas obtained for this plane were those 
bounded by the 42.8, 47.6, and 38.5 
rads per hour isodose curves. The per cent 
of the areas for all planes using the 5 cor- 
rection factors are shown in Table u. The 
data in Table 1x indicate that the choice of a 
correction factor represents a compromise 
between two situations: (1) delivering a 
dose which is not less than 10 per cent be- 
low the stated dose to all, or almost all, of 
the area; and (2) delivering a dose 10 per 
cent above the stated dose to as small an 
area as possible. From the clinical view- 
point the first consideration is certainly 
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more important. From Table 11, it is seen 
that the choice of a correction factor would 
likely vary between 0.89 and 0.91 for the 
implants considered. Thus, based on the 
criteria of the Paterson-Parker system, the 
factor 0.90, which was derived from other 
reasoning above, appears to be an ac- 
ceptable conversion factor. 


DISCUSSION 


An important consideration is the clini- 
cal usefulness of the detailed information 
which the computer produces for individual 
implants. At this time, it is not possible to 


TABLE II 


ANALYSIS OF DOSE DISTRIBUTIONS AT O.$ CM. FROM PATERSON-PARKER PLANAR IMPLANTS 
USING VARIOUS FACTORS TO OBTAIN DOSE IN RADS 


Multiplicative Factors Used to Convert Paterson- 


Plane 


3X3 cm. 
2/3 periphery 


4X4 cm. 
2/3 periphery 


5X5 cm. 
2/3 periphery 


5X5 cm. 
1/2 periphery 


6X6 cm. 
1/2 periphery 


7X7 cm. 
1/2 periphery 


Parker Roentgens to Rads in Muscle 








(a) Per cent of area receiving a dose greater than the level defined by ro per cent below the stated dose.* 
(b) Per cent of area receiving a dose greater than the level defined by the stated dose. * 
(c) Per cent of area receiving a dose greater than the level defined by 10 ied cent above the stated dose." 


* "The stated dose is that dose derived from the Paterson-Parker tables m 


ote: 


tiplied by the indicated correction factor. 


(1) All implants had radium distributed according to the Paterson-Parker rule: for planes of less than 25 cm.3, two-thirds of the total 
radium is in the periphery of the area, and for planes between 25 and 100 cm.*, one-half of the total radium is in the periphery of 
the area. Dose distributions for the 5X $ cm. plane were computed for both types of distribution. 

(2) All implants were crossed at the active ends, as recommended in the Paterson-Parker system. 
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say whether cure rates can be improved 
with the availability of computer dosim- 
etry. However, in a retrospective studv, 
implants of previously treated tumors of 
the oral cavity were recalculated by com. 
puter.? Of the cases which were chosen be- 
cause of local recurrence or necrosis, more 
than two-thirds of the complications could 
be explained on the basis of local under- 
dose or overdose as revealed by the com- 
plete isodose distributions. Thus, it seems 
likely that the additional dosimetric in- 
formation supplied by the computer calcu- 
lations will be effective in upgrading the 
quality of treatment. 


SUMMARY 


A digital computer program has been 
developed to calculate dose distributions 
around interstitial and intracavitary radia- 
tion sources and the method has been in 
routine use for more than 5 vears at The 
University of Texas M. D. Anderson Hospi- 
tal and Tumor Institute at Houston. The 
features of the program and its clinical 
application are considered, in addition to 
the relationship between computer dosim- 
etry and the Paterson-Parker svstem. 


Marilyn Stovall, B.A. 
Department of Physics 
The University of Texas 
M. D. Anderson Hospital and Tumor Institute at 
Houston 
Houston, Texas 77025 
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EXPERIENCE WITH COMPUTERIZED 
IMPLANT DOSIMETRY* 
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NTERSTITIAL implants with small 

encapsulated sources, inserted in the 
vicinity of a tumor and left permanently 
in the tissue, have been used extensively at 
Memorial Hospital since 1914. Up to 1955 
interstitial implantations were carried out 
with radon 222 seeds, which were pioneered 
at Memorial Center. Since 1956 refined im- 
plantation techniques (afterloading) and 
artificial isotopes, iridium 192, gold 198, 
and iodine 125 have been employed in ad- 
dition to radon seeds. 

About 150 to 200 patients a year are 
treated with internal radioactive sources. 
The majority of these cases received dosi- 
metric analysis by the Department of 
Medical Physics. Until the advent of com- 
puterized methods, the dosimetry of in- 
ternal radioactive sources depended upon 
source distribution systems which assign a 
single dose to the implant. Of these sys- 
tems the Paterson-Parker and Quimby 
systems are the most widely used. How- 
ever, the objectives of implant dosimetry 
are best served by a complete spatial de- 
scription of the radiation dose produced by 
the implanted sources. Three-dimensional 
isodose distributions are essential to make 
treatment planning for internal radioactive 
sources comparable to external radiation 
beam therapy. A knowledge of the spatial 
distribution within an implant allows a 
better analysis and facilitates the choice 
of the addition of external fields. Our staff 
has been concerned with such aids as 
computerized systems for the calculation 
of the dose distributions of both external 
fields and implanted sources since 1955.?^ 
Our present computerized implant dosim- 


etry system produces a dose matrix from 
which isodoses are drawn manually in any 
plane at any angle in relation to the im- 
plant. The three-dimensional dose matrix 
may be built up from the planar elements. 

Since the computations are only as ac- 
curate as the available input information, 
several subroutines have been written to 
aid in the three-dimensional localization of 
implanted sources. Figure 1, Æ and P 
shows a typical radon 222 seed implant. 
Figure 2, Æ and B shows the dose matrix 
in a plane as it is printed out by the com- 
puter, and the isodose information as it 1s 
generally entered into the patient's chart. 

Figures 3, Æ and D, and 4, Æ and B 
demonstrate the input/output for a 
radium application for carcinoma of the 
cervix. While our computer program has 
the capability of printing out the dose 
matrix in any desired orientation it is 
generally sufficient to give anteroposterior 
and lateral dose planes through the source 
configuration. 

In the majority of seed implants the 
sources are distributed uniformly through- 
out the implanted volume and do not 
follow a Paterson-Parker distribution, so 
the Paterson-Parker tables can not be 
used for these cases. A series of 25 consecu- 
tive radon seed volume implants, in which 
the sources were spaced uniformly, was 
analvzed with our computer system and 
reported in 1964.2 The analysis disclosed 
that the average dose delivered by an 
implant 1s approximately represented by 
the Paterson-Parker dose. The minimum 
dose actually found in the implant, how- 
ever, was approximately half that given 


* Presented at the Forty-ninth Annual Meeting of the American Radium Society, Toronto, Ontario, Canada, May 29-31, 1967. 
From the Memorial Hospital for Cancer and Allied Diseases, New York, New York. 
This work supported in part by Public Health Service Contract No. PH 86-66-132. 
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l'1c. 1. Radon 222 seed implant No, 1. (4) Anteroposterior and (B) lateral localization. 
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Fic. 2. Radon 222 seed implant No. 2. Computed dose matrix in (4) anteroposterior and (8) lateral planes 
p : p p ) p 
passing through the center of the implant. 


690 Holt, Hilaris, Balter, Ragazzoni, Phillips and Laughlin Marcu, 1968 





Fic. 3. Typical carcinoma of cervix radium 226 application No. 1. (4) Lateral and (B) anteroposterior 
roentgenographic projections. 





Fic. 4. (4 and B) Carcinoma of cervix radium 226 application No. 2. Computed dose matrix in lateral and 
anteroposterior planes passing through the center of the lesion. 
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by the Paterson-Parker tables. It generally 
occurred on the periphery of a seed implant. 
One wonders whether the peripheral loca- 
tion of the minimum dose in these implants 
has been a contributing factor to their 
therapeutic success, in spite of the large 
differences between the average dose and 
the minimum dose. 

Since December 1965, in an attempt to 
diminish the radiation exposure of per- 
sonnel, low energy radioactive seeds have 
been developed at Memorial Hospital. 
Iodine 125 has a half-life of 60 days and a 
mean gamma energy of about 3o kev. 
(Table 1). It was first used in 1960 for 
tracer studies in place of iodine 131 by 
Myers and Vanderleeden.? Xenon 133 and 
cesium 131, with half-lives comparable 
to that of radon 222, are more difficult to 
produce and their cost, therefore, is 
relatively higher. 


There may be an advantage in the use of 


seeds such as iodine 125 with longer half- 
life than that of radon 222. Clinical 
experiences with 361 implants of iridium 
192 performed at Memorial Hospital from 
1956 to 1962, suggested that the continuous 
low dose rate over a long period of time 
had some therapeutic advantage. The 
local lesion in most cases was unresectable 
and often unfavorable for external radia- 


tion therapy; vet 22 patients have sur- 
vived for ; years or more. 
Before iodine 125 seeds were approved 


for clinical use, the dose distributions ob- 
tainable with such seeds were investigated. 
Relative depth-dose curves were measured 
with lithium fluoride rod dosimeters, which 


Tage I 


PHYSICAL CHARACTERISTICS OF LOW ENERGY 
GAMMA-RAY EMITTING ISOTOPES 


Low Energy Seeds 


i Half Gamma 

| Life | dd 
Xenon 33 | 5.3 days | Bink jo: 
Cesium 131 | g.7days | 29.4 kev. 
lodine 125 | 6o.0days | 27.4 kev. 
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were embedded in a mix-D phantom 
around an iodine 125 source. The depth- 
dose curves were normalized to rads bv 
using an absorbed dose factor of 1.7 
rads/mc-hr. at 1 cm. from an isotropic 
iodine 125 source. Three-dimensional dose 
distributions obtained with iodine 125 
implants were computed on an IBM 1800 
computer, and dose distributions were 
computed for radon 222 and iodine 126 
sources arranged in identical configurations. 

Figures 5, 4 and D, 6, Æ and B show 
two comparative sets of 1sodose curves as 
computed for radon 222 and todine 125 
in the same geometric arrangement. The 
activities were normalized to yield an 
equal dose per 1 mc destroyed at I cm. 
An analvsis of the 1sodose curves indicates 
that the general distribution of the radia- 
tion within the implanted volume is 
nearly the same for iodine 125 as it is for 
radon 222. Beyond the periphery of the 
tumor, however, the radiation drops off 
much faster within an 1odine 125 implant. 
The high spots within the 8,000 rad level 
contour indicate that the spacing for 
iodine 125 seeds ideally should be some- 
what closer than for radon 222 seeds and 
should probably not exceed 1 cm. 

Physically 1 mc destroyed of iodine 125 
is equivalent to 3.4 mc destroyed for 
radon 222. This factor does not take into 
account any biologic difference due to the 
difference in half-lives. On the basis of 
clinical experience the activity per seed in 
a volume implant should be between 0.6 
to o.7 mc iodine 125. 

A total of 72 interstitial implants with 
lodine 125 seeds were performed between 
December, 1965 and May, 1967. Most of the 
implanted lesions were previously treated 
by surgical excision or external irradiation. 
These interstitial implants may be sub- 
divided into the following groups: Intra- 
oral-1§; intrathoracic-6; intra-abdominal- 
9; and superficial-4 5. 

Evaluation of the effects of interstitial 
implants with iodine 125 indicates a close 
similarity with those of the high energy 
gamma-ray emitting Isotopes radon 222 
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IODINE 125 RADON 222 


Fic. ç. 4) Typical isodose distribution obtained with iodine 125 seeds. (B) Isodoses were computed also tor 
radon 222 seeds assumed to be in identical geometric arrangement. Anteroposterior projection. Normaliza- 
tion: equal dose at 1 cm. per 1 mc destroyed. Implanted area: right neck, 20 seeds. 


and iridium 192. But the radiation exposure used. The exposure to those who come in 
to personnel connected with interstitial contact with the patient after his dis- 
implants has been decreased by a factor charge from the hospital is virtually 
of 1co whenever iodine 125 seeds have been eliminated. 





Fic. 6. (4) Isodoses are shown for an iodine 125 implant and (B) computation for radon 222 seeds assumed 
to be in identical geometric arrangement as in Fic. 5, Æ and B. Lateral projection. Normalization: equal 
dose at 1 cm. per I mc destroyed. Implanted area: right neck, 20 seeds. 
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SUMMARY 


Computers, by their ability to perform 
many calculations accurately and rapidly, 
make it possible to obtain and display 
information which would otherwise not be 
feasibly obtainable. Computerized treat- 
ment planning for internal radioactive 
sources, as well as for external radiation 
beams, obviously provides a more accurate 
and more complete determination of radia- 
tion dosage; 1t also demands more precise 
clinical data and thus tends to raise the 
level of all the work in the radiotherapy 
center, 


Garrett Holt, A.B. 

Department of Medical Physics 

Memorial Hospital for Cancer and Allied Diseases 
444 East 68th Street 

New York, New York 10021 
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DEPTH DOSE MEASUREMENTS WITH 
LITHIUM FLUORIDE* 


By W. R. HENDEE, Pu.D., R. GOLDEN, M.S,,t C. E. GARCIGA, M.D., D. B. GILBERT,f and 
G. S. IBBOTT$ 
DENVER, COLORADO 


RE EFERENCE nead is made to 
lithium fluoride (LiF) dose measure- 
ments at depths within phantoms, animals 
or patients.*55 However, comparative LiF 
and ionization chamber depth dose mea- 
surements have not been reported. The 
lack of correlative depth dose measure- 
ments in degraded photon beams is sur- 
prising, since increased thermoluminescent 
response at low photon energies!’ may re- 
sult in dose measurements with LiF which 
are higher than those measured with 
ionization chambers. Ionization chamber 
and LiF measurements of depth dose may 
be compared by measuring per cent depth 
dose curves by both methods. If identical 
depth dose curves are obtained, then LiF 
depth dose measurements are as acceptable 
as depth doses measured by more tradi- 
tional ionization chamber techniques. Fur- 
thermore, LiF thermoluminescence dosim- 
etry may provide a convenient method 
for measurement of per cent depth dose. 
The purpose of this paper is to compare 
the results of per cent depth dose measure- 
ments with LiF and ionization chambers. 


METHOD 
Harshaw TLD-:oo LiF, annealed by 


the standard annealing procedure, was 
sealed within polyethylene capsules and 
exposed at selected depths within a water 
phantom. Phosphor was stored for 24 hours 
before readout. Exposures to cobalt 60 
radiation were made with a Picker C- 
10,000 teletherapy unit. X rays were sup- 
plied by a 250 kvp. General Electric 


Maxitron x-ray generator. Doses received 
varied between $ and 100 rads, a range 
within which LiF luminescence is pro- 
portional to dose." Luminescence was 
measured digitally with a Madison SL-2 
thermoluminescence reader. Photomulti- 
plier high voltage was selected to provide 
maximum ratios of (luminescence sample 
plus background) ?/(luminescence back- 
ground). Temperature of the heating pan 
reached 260°C. during the 40 second 
heating cycle. Per cent depth dose was 
calculated as 100 times the ratio of lumines- 
cence from LiF exposed at each selected 
depth to that from phosphor positioned at a 
depth of maximum dose (5 mm. for cobalt 
60, surface for x rays). Ionization chamber 
per cent depth doses were measured with 
a 4 mm. internal diameter by 12.5 mm. 
long chamber designed to specifications de- 
scribed by Fedoruk, Johns and Watson.’ 


RESULTS AND DISCUSSION 


Per cent depth dose measurements with 
LiF in water phantoms exposed to cobalt 
60 radiation agree well (+1 per cent) with 
ionization chamber measurements. Ioniza- 
tion chamber and LiF per cent depth dose 
data are compared in Figure 1 for a 10X 10 
cm. cobalt 6o field at 80 cm. source-skin 
distance. To prevent perturbation of cen- 
tral axis per cent depth dose, only x LiF 
capsule was present in the phantom during 
each exposure. Standard deviations of LiF 
per cent depth doses (7:1 per cent) are 
shown. The solid curve in Figure 1 repre- 
sents ionization. chamber measurements 
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Fic. 1. Per cent depth dose, cobalt 60, 80 cm. source- 


skin distance, 10X 10 cm, field, measured with LiF 
and ionization chamber. 


of per cent depth dose for a 10X10 cm. 
cobalt 60 field at 80 cm, source-skin dis- 
tance. 

Influences were investigated of capsules 
at shallower depths on central axis per cent 
depth dose measured with LiF. Results in 
Table 1 suggest that per cent depth doses 
are measurable by 1 exposure to Lik filled 
capsules aligned at selected intervals along 
the beam central axis. 

Ionization chamber and Lik measure- 
ments of per cent depth dose are com- 
pared in Figures 2 and 3 for small (6X 6 cm.) 


and large (15X15 cm.) cobalt 60 fields. 


Depth Dose Measurements with Lithium Fluoride 


695 


Tape I 
INFLUENCE ON LIF PER CENT DEPTH DOSE MEASURE 
MENTS OF LIF FILLED CAPSULES AT SHALLOWER 
DEPTHS ALONG THE BEAM CENTRAL AXIS 





Per Cent Depth Dose 
At 19 cm.* 


No. of Capsules 
in Front 


o 47.9 1.4 
P 45 69-154 
4 45.8 0.9 
fy 45 .Sbo.8 


* Cobalt 60, 10X 1o cm. field, 80 cm. source-skin distance. 
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hic. 2. Per cent depth dose, cobalt 60, 8o cm. source- 
skin distance, 66 cm. field, measured with Lik 
and ionization chamber, 
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Fig. 3. Per cent depth dose, cobalt 60, 80 cm. source- 
skin distance, 15 X 15 cm. field, measured with LiF 
and ionization chamber. 


Phosphor measurements were obtained by 
I exposure to capsules positioned at in- 
tervals along the beam central axis. Good 
agreement is apparent between LiF and 
ionization chamber measurements. 
Unfortunately, per cent depth dose 
measurements with LiF exposed to ortho- 
voltage x-ray beams were less successful. 
Increased thermoluminescent response at 
low photon energies causes displacement 
of LiF per cent depth dose curves from 
those measured with ionization chambers. 
Problems encountered during measure- 
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ment of surface doses also contribute to 
inaccuracies in LiF measurements of ortho- 
voltage x ray per cent depth dose. Resolu- 
tion of these difficulties is currently under 
study. 

SUMMARY 


Per cent depth doses were measured 
with LIF in water phantoms exposed to 
orthovoltage x rays and cobalt 60 radia- 
tion. Agreement within I per cent was 
achieved between LiF and ionization cham- 
ber measurements of cobalt 60 per cent 
depth dose. Unsatisfactory results were ob- 
tained with LiF measurements of per cent 
depth dose from orthovoltage x rays. 


W. R. Hendee, Ph.D. 

Department of Radiology 

University of Colorado Medical Center 
4200 East Ninth Avenue 

Denver, Colorado 80220 


The authors thank E. Smith, C. Jordan 
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SAFE ENCAPSULATION PERIOD FOR SEALED 
MEDICAL RADIUM SOURCES* 


By EARL VAN ROOSENBEEK, ROBERT J. SHALEK and E. BAILEY MOORE 


HOUSTON, TEXAS 


e Ries possibility of pressure accumula- 
tion within a sealed capsule containing 
radium was recognized by Madame Curie, 
who recommended that the glass encapsu- 
lated radium standards she prepared be 
opened at regular 15 year intervals to 
relieve the internal pressure? The possi- 
bility of internal pressure arises from three 
causes: radon daughter products, helium 
from emitted alpha particles, and hydrogen 
and oxygen gas from water decomposed by 
alpha bombardment.* The accumulation of 
gas pressure in sealed radium containers 
has been calculated for sources of the tvpe 
used medically? From these calculations, 
it was concluded that medical sources of 
radium enclosed in platinum-iridium cylin- 
ders would accumulate a negligible pres- 
sure due to radon generation; about one 
atmosphere of pressure per year per milli- 
gram due to helium; and very much more 
than that from the decomposition of water 
into hydrogen and oxygen if the radium 
source contains water of hvdration or is not 
otherwise dry. In that publication,'? as well 
as in a later consideration of the problem,® 
it was recommended that medical radium 
sources be opened at least every 10 years in 
order to relieve the gas pressure. 

Itis the purpose of this report to consider 
the tolerable pressure build-up in radium 
tubes and needles by calculation and ex- 
periment, in order to generate data for re- 
evaluation of the period that a sealed 
radium source may be utilized before re- 
opening becomes necessary. Only sources 
encapsulated in platinum-iridium alloy 
utilized for gamma-ray therapy will be con- 
sidered; radium beta-ray applicators, such 
as plaques or nasopharyngeal applicators 


in monel metal, will not be considered. 

If radium capsules are to be opened every 
IO years, as has been suggested, radium 
then loses the major advantage it has over 
Cs? as a radioactive source for temporary 


interstitial and intracavitary implants. 
Ra”, with a half-life of 1,615 years, de- 


cays about I per cent every 23 years and 
thus seldom requires calculative deprecia- 
tion of its radioactive content. Cs", with a 
half-life of 30 years, decays approximately 
2 per cent per year and would need to be re- 
placed every § to to years, according to 
the limits of treatment variation which a 
practitioner is willing to accept. Thus, the 
use of Cs? has the disadvantages of source 
depreciation and frequent source replace- 
ment in radiation treatment; however, the 
advantage of radium is largely offset if 
radium capsules must be reprocessed every 
decade. Since it is common knowledge that 
many radium sources have been utilized 
for as long as 50 years without explosion, 
the question of the genuine hazard involved 
and the period for which radium sources can 
remain sealed is an important one. 

A review of the radium incidents re- 
ported! ?:5 05 reveals that in each instance 
of spontaneous rupture (to our knowledge) 
the radium container was made of glass, 
thin-walled monel metal, or of platinum- 
iridium alloy with pressure-fitted plugs. 
The latter tvpe of construction was com- 
mon in the early part of the century, but 
probably has not been used in more than 
30 vears.? In addition, it is possible that the 
tubes which underwent spontaneous rup- 
ture were loaded with radium bromide, 
which has water of hydration. At least one 
supplier (there mav be others) of radium 


* From the Department of Physics, The University of Texas, M. D, Anderson Hospital and Tumor Institute at Houston, Houston, 
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sources for the past 30 years has used only 
well-dried radium sulfate for loading.? One 
supplier also adds platinated asbestos as a 
catalyst to recombine the dissociated 
hydrogen and oxygen gases which may 
have formed. Modern medical sources are 
loaded as fully as possible with radium sul- 
fate, together with barium sulfate as inert 
filler. These compounds do not have 
water of hydration and are not hygro- 
scopic. In addition, the salts are heated 
to 700°C. prior to sealing and to 1,100°C, 
to 1,500°C. during sealing to ensure dry- 
ness. By these means the possibility of pres- 
sure accumulation due to decomposition of 
water is eliminated. Radium sulfate should 
be completely dehydrated by heating in 
dry air at 300? C. 


CALCULATION OF PRESSURE 


There are 5 alpha particles emitted by 
the daughter products of radium 226 in 
reaching stable lead 206. The first 4 alpha 
particles are released for each radium dis- 
integration after an equilibrium period of 1 
month or so. The fifth alpha particle emit- 
ted by polonium 210 is preceded by lead 
210, radium D, which has a half-life of 21 
years. Thus, nearly 100 years would be 're- 
quired for the emission of the fifth alpha 
particle to come into equilibrium with the 
radium decay rate. An approximate but 
adequate formulation of the number of 
alpha particles accumulated in a sealed 
radium source per milligram is as follows: 


T 
nod Í (e — eur, (1) 
0 


n = 1.17 X 104(11,600 + 29,8679 0T 
— T1,600¢—°-000299) y/mp.year, (2) 


where z is the total number of alpha par- 
ticles emitted per mg. radium in time T; z 
is time; A, is the disintegration constant of 
Ra*®8, 0.000429 years-!; X, 1s the disintegra- 
tion constant of Pb*#°, 0.0330 years; T 
ig time in years elapsed since sealing of 
the radium source; & is the number of 
disintegrations per mg.-year, 1.17X 10, 
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In this formulation, the. half-life of 
polonium 210 (T$— 138 days) is neglected. 
This approximation results in a 2 per cent 
overestimation of n at the end of 10 years, 
and a lesser error at greater times. 

The alpha particles acquire orbital elec- 
trons to become Het, a monatomic gas. 
One mole of helium contains 6.02 X 10? 
molecules and occupies 22.4 X 108 mm.’ 
volume at standard temperature and pres- 
sure (STP). One atom of heltum gas thus 
occupies the volume, Va, 


22.4 X 106mm. 
ie a 
6.02 X 10? atoms 
= 3.72 X 107 mm.?/atom. 


The volume occupied by heltum gas at 
STP generated per mg. radium in time T 
Is as follows: 


Volume = n X Va 
= 4.35 X 107*(11,600 + 29.8679 Bu? 
— 11,000/70.009417) mm? /mg. (3) 


The volume occupied at STP by the 
helium liberated by 1 milligram of radium 
at various times after encapsulation as 
calculated by Equation 3 is shown in 
Figure 1. 


STRENGTH OF SOURCE CONTAINER 
TO INTERNAL PRESSURE 


To determine the internal pressure at 
which a platinum-iridium needle or tube 
will rupture, liquid at measurable pressures 
was forced into the container until rupture 
occurred. Rupture always occurred by a 
tear parallel to the long axis of the cylindri- 
cal container, as shown in Figure 2. The 
containers were new, but in some instances 
were bent repeatedly to simulate bending 
that sometimes occurs in use. The bending 
was done before and during the applica- 
tion of pressure; however, bending did not 
influence the internal pressure that the con- 
tainer would withstand. Several types of 
containers were employed in these tests 
(Table 1). The observations labeled M.D.A. 
were by the authors; those labeled U.M. 
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226 plotted against years as determined from Equation 3. 


were the result of independent experiments 
by George.’ 

Barlow’s equation is a method for the 
calculation of the strength of a cylindrical 
container with a thick wall: 


pila cA dicta diy] 


" m 
AV di + . / diy. i Gn 


where $, is the tensile strength expressed in 
PSI (pounds per square inch); £1s the thick- 
ness; di is the internal diameter; pz is the 
internal pressure in PSI. 

The handbook value of the ultimate ten- 
sile strength ($,) of annealed go per cent 
ipud IO per cent iridium alloy is 

c ooo PSI.’ Using this value for S, the 
curve labeled “rupture” in Figure 3 was 
calculated from Barlow’s equation (Equa- 
tion 4 above). The experimental data from 
Table 1 are also plotted. The remarkable 
agreement between the experimental obser- 

vations and the calculated curve gives con- 
idence that calculations by Barlow’s equa- 
tion are correct and that the properties of 


the containers are not altered by the manu- 
facturing processes. The curve labeled 
"safe" was calculated by Barlow's equa- 
tion with $,— 11,000 PSI, that is, with a 
safety factor of 5. It is this curve that is 
employed for the estimation of the safe 
encapsulation period for various sources 
that appear in this report. 


SAFE ENCAPSULATION PERIOD 


The pressure due to the accumulation 
of helium gas is dependent upon the free 
gas volume within the container. The 
manufacturers of radium sources have 
provided this information.’:? For doubly 
encapsulated sources, only the strength of 
the outer sheath is considered. 

Utilizing the information developed in 
Figure 1 and 3, years of safe encapsulation 
are plotted against space per mg. of radium 
for various ratios of wall thickness to in- 
ternal diameters (Fig. 4). Thus, from these 
curves, the time of safe encapsulation can 
he determined for any radium source made 
from go per cent platinum, Io per cent 
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Pic. 2. Photographs of ruptured radium containers. 
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iridium alloy, provided the internal dia- 
meter, wall thickness, and free gas volume 
are known. In Table 1, the safe encapsula- 
tion period, derived by the above method, 
is given for a number of different sources. 
It is seen that the safe encapsulation period 
ranges upward from 450 to over 10,000 
years. The fact that the inner container 
adds to the strength of the whole encapsula- 
tion has not been considered and is an addi- 
tional safety factor. 


POSSIBILITY OF DIFFUSION OF HELIUM 
THROUGH THE CONTAINER 


It is possible that the seal of a sealed 
source might be sufficiently good to prevent 
the leakage of radon but not adequate 
to prevent helium from passing through. 
To investigate this possibility of reduction 


laste | 


RUPTURE TESTS OF MEDICAL RADIUM CONTAINERS (go PER CENT PLATINUM, IO PER CENT IRIDIUM A LLOY) 


Institution Pe. Internal Experimental 
Gigi oes Active ie LA. ! 
Conducting is Diameter — 7 (mm) tidt Remarks Rupture 
rys k Length Paen i l QT 
l'est (di) Pressure (PSI) 
M.D.A. 12 mm. 0.75 mm. O.5 0.67 New, undamaged PARA 
M. D.A. i2 mm. 0.75. mm, QE 0.67 Bent 5 times to 45° 45,000 
M.D.A., 12 mm. 0:76 mm. Oss 0.67 Test of seal 40,000 
M.D.A. 45 mm. o.85 mm. O.4 O.47 New, undamaged eee 
M.D.A, 45 mm. o.85 mm. O.4 O47 Bent 6 times to 70° 20,000 
M.D.A. 46mm. 0.8g mm. O.4 0.47 New, undamaged ege 
M.D.A. 45 mm. o.8§ mm. O.4 O.47 New, undamaged 20,000 
M.D.A. 4§ mm. 0.85 mm. O.4 0.47 Bent to 45? at 8,000 20,000 
PSI, bent to 45° at 
10,000 PSI 
M.D.A, 45 mm. 0.86 mm. O.4 0.47 Bent, scratched, scored DA Ue 
M.D.A. 9 mm. EREM. 1.0 0.65 New, undamaged 60,000 
M.D.A. g mm. 1.56 mm 569 o.65 New, undamaged 60,000 
U.M. 15 mm. 0.85 mm 0.4 0.47 New 36,000 
U.M. a anh 0.70 mm uA oue N 242,000 
ULM, 16,2 mm. 1.0 mm. Ou 0.9 245,000 
U.M. 1; mm. 0.6 mm. Qu O.17 16,000 





AI. D.A., Tests conducted at The University of Texas M.D. Anderson Hospital and Tumor Institute, Houston, Texas. 


U.M., Tests conducted at Union Minière Du Haut-Katanga, Brussels, Belgium. 
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RATIO OF WALL THICKNESS TO INTERNAL DIAMETER 
o 


0 
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INTERNAL PRESSURE PSI 


Fic. 3. Ratio of wall thickness to internal diameter, 7/4: for cylinders of 90 per cent platinum-10 per cent 
iridium alloy os. internal pressure, PSI (pounds per square inch). The curves are calculated utilizing Equa- 
tion 4, Barlow's equation, for thick cylinders. The curve labeled “rupture” utilized the Handbook value? of 
55,000 PSI for the ultimate tensile strength, S, for annealed go per cent platinum-10 per cent iridium 
alloy. The plotted points are from the experimental rupture of radium tubes and needles of the same alloy 
by internal liquid pressure as detailed in Table 1. The squares are from experiments by George! and the 
circles, by the authors. The rectangles indicate the point where all the circles immediately beneath should 
be plotted. The two sets of experiments were completely independent. The curve labeled “safe” was cal- 
culated using Equation 4 with S, — 11,000 PSI; that is, with a safety factor of 5. 


Tas_e II 


FREE GAS VOLUMES WITHIN SEALED MEDICAL RADIUM SOURCES AND 
CALCULATED SAFE ENCAPSULATION PERIOD 


Free Gas Volume (mm.’) mm.?/ | Safe Encapsu- 


Radium Active | Internal Wall mg? | ladon Period, 








Description Content Length | Diameter | Thickness i 
(mg.)* (mm.) | (mm.) (mm.) ea 5 a 

Needles, Direct 1 (U.S.A.) II.O 0.6 O.§ O.54 2,500 
Filling, Single 5 (U.S.A) 7.0 0.7 0.5 2.208 550 
Sheath Io (U.S.A.) 12.0 0.7 0.5 0.169 450 
Needles, Double | 1 (U.M.) 15.0 0.85 O.4 3.03 > 10,000 
Encapsulation I (U.S.A.) II.O 0,85 0.4 0.92 4,900 
1 (BIR,C.C) 15.0 0.60 0.60 3.85 > 10,000 

1 (Sa R.C.C.) 15.0 0.60 0.50 3.85 > 10,000 

2 (U.M.) I$.0 o.85 0.40 1.52 > 10,000 

s (U.S.A) 7.0 0.95 0.40 0.354 Boo 

1o (U.S.A.) 12.0 0.95 0.40 0.277 580 

Tubes, Double | 10 (U.M.) 15.0 ILII 1.00 0.398 1,150 
Encapsulation to (R.C.C, T6) 15.0 0.85 1.00 0.67 6,000 
to (R.C.C. G2) 13.5 2.0 1.00 2.76 > 10,000 

25 (U.S.A.) 10.0 3-55 1.75 0.39 1,030 

£o (U.S.A.) I3.0 4.05 2.25 0.47 1,100 





* U.M., Union Minière Du Haut-Katanga, Brussels, Belgium. 
R.C.C., Radio Chemical Centre, Amersham, England. 
U.S.A., Made by Union Minière Du Haut-Katanga. Sold through Radium Chemical Co., New York. 


Earl Van Roosenbeek, Robert J. Shalek and E. Bailey Moore 


Maren, 1968 
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factor of § below rupture pressure has been allowed. 


of helium pressure, two 3 mg. needles, 
which had been used for more than 20 
years, were first leak tested for radon leak- 
age using activated charcoal in a sealed 
container, A dav leak test indicated 
no detectable radon leakage. 

The individual needles were then placed 
in a glass tube, evacuated to a pressure of 
107? mm. He, and sealed. To increase the 
sensitivity of the test, the needles were left 
as long as 23 hours in the evacuated tube. 


The tube containing the source was placed 
within an outer tube which was sealed into 


the detection port of a mass spectrometer* 
which in turn was evacuated. At this time 
mechanical pressure was exerted on the 
surrounding tubing to break the inner glass 
tube, allowing accumulated helium to 
enter the spectrometer. 

In each of three tests, a very small rate 
| Electrodynamic 
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of helium released outside of the source was 
detected (2— 3X 10-5mm.?/ year). It is pos- 
sible that what was taken to be helium 
could have resulted from surface contamin- 
ation of the needle which was not detectable 
by the leak testing methods, since the 
helium detecting system was about 6,000 
times more sensitive than the charcoal and 
Geiger-Müller tube method used for leak- 
age tests. However, this amount of surface 
contamination is above the acceptable 
standard set bv the manufacturer.’ It was 
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concluded that the leakage of helium 


pressure within a sealed platinum-iriditum 
container, 


MEASUREMENT OF ACCUMULATED PRES- 
SURE WITHIN RADIUM SOURCES 


An etfort was made to observe experi- 
mentally the pressure within sealed radium 
sources. The device for these measure- 
ments, shown in Figure 5, provides a 


Fic. 5. Device used to shear radium container and measure pressure by change in water level in capillary. 
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method for shearing a radium source and 
measuring the release of gas. A change of 1 
mm. in water level could be detected. 
Several sources were experimented upon 
in this way; one of certain pedigree was a 
1.25 mg. source encapsulated 25 years 
earlier. For this source, a change of 4 mm. 
in water level would be expected from the 
calculation of helium gas volume. No change 
in level was observed for this or any of the 
sources. The experimental method em. 
ployed can be criticized for its marginal 
sensitivitv; however, it is fair to conclude 
that the true pressure developed within a 
radium source is not likely to be more than 
that calculated, and may well be less. Oc- 
clusion of the helium gas within the struc- 
ture of the radium sulfate and barium sul- 
fate crystals has been speculated upon. 





CONCLUSION 


Calculations of the strength of go per 
cent platinum, 10 per cent iridium alloy 
cylindrical radium source containers have 
been verified experimentally by the rupture 
of containers with internal pressure. Allow- 
ing a safety factor of 5, it is apparent that 
the danger of spontaneous rupture of such 
sources, from accumulation of internal gas 
pressure, is remote. There is evidence that 
pressure build-up is less than calculated, 
but even in the event pressure does build up 
at the calculated rate, sources encapsulated 
by modern methods are safe from spon- 
taneous rupture for 400 or more years. It 
would appear that a good inspection pro- 
gram is better than an arbitrary time period 
for re-encapsulation. Surface scratches and 
severe wear, which reduce the wall thick. 
ness, should be a greater reason for replace- 
ment than the age of the container. 


Earl Van Roosenbeek, Robert J. Shalek and E. Bailey Moore 


Mancu, 1968 


Earl Van Roosenbeek 

Department of Physics 

University of Texas 

M. D. Anderson Hospital and Tumor Institute 
Houston, Texas 77025 
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NINTH INTER-AMERICAN CONGRESS 
OF RADIOLOGY 


El ae previously visited eight 
other American countries, the Ninth 
Inter-American Congress of Radiology 
brought us to Punta del Este, the renowned 
beach resort of Uruguay. If the scenic en- 
vironment was indeed beautiful, the medi- 
cal setting was also highly stimulating, for 
the little country has been and continues to 
be a source of important medical research 
and of fruitful original contributions; Uru- 
guay has produced some of the most 
renown teachers of radiology in South 
America. 

The Congress was well attended, as 
usual, with an important representation 
from the United States. The official U. S. 
Delegation was formed by: H. L. Abrams, 
M.D., Section on Radiology, American 
Medical Association; G. D. Davis, M.D., 
American Roentgen Ray Society; W. S. 
Maxfield, M.D., Society of Nuclear Medi- 
cine; J. E. Miller, M.D., American College 
of Radiology; F. H. Squire, M.D., Ameri- 
can College of Radiology; W. T. Snow, 
M.D., American College of Radiology; and 
J. A. del Regato, M.D., Radiological So- 
ciety of North America, American Radium 
Society, American Society of Therapeutic 
Radiologists, Chairman. 

By sad coincidence, President Gestido of 
Uruguay died in the early hours of the 
very day in which he was expected to in- 
augurate the Inter-American Congress; the 
solemnity of the occasion was heightened 
by his absence. This unexpected event 
forced: sudden changes in the social pro- 
gram of the Congress but the scientific 
sessions proceeded as scheduled. The ex- 
cellent quality of the program, the scientific 
and technical exhibits were all a credit to 
Dr. Leandro Zubiaurre, President of the 


Congress and to his earnest associates who 
were on duty at any time to make sure 
that everything fitted the occasion. A 
special word of praise must be accorded to 
Dr. Helmut Kasdorf, Secretary, and his 
wife, Dr. Olga Barcia de Kasdorf, whose 
sustained and untiring efforts and patience, 
before and during the Congress, were the 
most important single cause of its success. 

Among the features of the program were 
an important symposium on mammogra- 
phy, a session on congenital bone dis- 
trophies and another on nuclear scanning. 
A truly international symposium on time- 
dose relationships in radiotherapy brought 
together experts from England, Finland, 
France, North and South America. 

The social program provided an unusual 
opportunity to appreciate the artistic and 
folkloric charms of the nation and offered 
an occasion to renew affectionate ties, 
between persons and families, and to mar- 
vel at the prodigal, yet unassuming hospi- 
tality of our neighbors. The members 
present of the International Club of Radio- 
therapists had an informal interchange of 
views as guests of Dr. and Mrs. H. Kas- 
dorf at their chalet in Punta Ballena. 

As in previous Congresses, a ceremonial 
convocation of the American College of 
Radiology was staged, to honor Latin 
American radiologists. Dr. Fay H. Squire 
officiated as President of the College, Dr. 
J. E. Miller as Chairman of the Board of 
Chancellors, Dr. J. A. del Regato as 
Secretary and Dr. W. T. Snow as Sergeant- 
at-Arms. The cap and gown procession, 
formed by American Fellows and by Latin 
American Honorary Fellows of the College, 
brought to the stage three candidates to be 
honored: Dr. Leandro Zubiaurre, Professor 
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of Radiology of the University of Uruguay; 
Dr. Raül Leborgne, for his long and fruit- 
ful work in mammography; and Dr. Man- 
uel O. Zariquiev, International Coordina- 
tor for the Eastman Kodak Companv's 
Radiography Markets Division, for his de- 
votion to Inter-American activities in 
Radiology and for the sustained coopera- 
tion he has offered to the College in these 
tasks. 

The parent institution of these Con- 
gresses, the Council of the Inter-American 
College of Radiology, met before and during 
the Congress; it is formed by one repre- 
sentative from each of the countries of the 
New World. The Council made important 
changes in the Statutes and moved to offer 
the necessary support to Dr. Guillermo 
Pezet in his untiring efforts as editor of 
Revista Interamericana de Radiologia, oth- 
cial organ of the College. The Council also 
decided to hold the Tenth Congress in San 
Juan, Puerto Rico, 1n 1971. 

The Centre Antoine Béclére, of Paris, 
through its special emissary Prof. E. 
Cherigié, conferred its Gold Medal on Dr. 
Oscar Soto, of Lima, departing President of 
the Inter-American College and outstand- 
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ing radiologist of Latin America. 

The swiftness of modern travel over high 
mountains, across vast jungles and along 
sierras and rivers, does convey an artificial 
sense of proximity. Equally vast socio- 
economic differences and problems and 
diverse cultural influences keep us from 
truly identifving this proximity. Sporadic 
contact and snappy judgments contribute 
to give us a caricature of each other and a 
stereotype of our concerns, for the most 
part detached and fictional, and not con- 
ducive to friendly relationships; polite and 
respectful segregation yield asperities and 
arrogance, Health is the prelude of all cul- 
tural influences and medical interchange is 
among the most generous and truly uni- 
versal beneficent forces. True to this tradi- 
tion the Inter-American Congresses of 
Radiology have become a very needed op- 
portunity for contact among radiologists of 
the Americas. 


J. A. peL Recaro, M.D. 


Chairman, U.S. Delegation 


Penrose Cancer Hospital 
221¢ North Cascade Avenue 
Colorado Springs, Colorado 80907 
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FRANCOIS BACLESSE, M.D. 
1896-1967 


DS: BACLESSE died after a sudden 
illness on November 11, 1967. All 
those who have met him knew his almost 
exclusive passion for his work and it was 
during a consultation that he was suddenly 
attacked by the disease that took him 
away, 

A native of Luxembourg, but with re- 
mote French forefathers, he carried out 


nearly all his medical practice in France, in 
Paris. 

The Fondation Curie had been for years 
his home, his life. In 1926, he began there 
as an assistant under the influence of Pro. 
fessors Regaud and Lacassagne, and of Dr. 


Radiotherapy and Radiodiagnosis Depart. 
ment and held that position until 1961. 
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Since then, he transferred his medical ac- 
tivities to the American Hospital in Paris. 

In his numerous articles (more than 100) 
and some monographs he published during 
his long career, Dr. Baclesse dealt with 
various subjects both in the field of radio- 
diagnosis and radiotherapy. His first inter- 
est was in the anatomo-clinical study of 
head and neck tumors, then in 1937 and 
1960, he published excellent monographs 
about the anatomo-topographic and radio- 
logic study of malignant tumors of the 
pharnyx and larynx. 

It was inspiring to see him reading a 
roentgenogram of the larynx or, better, of 
the skull base. He was gifted in projecting 
into space, to recreate a volume and a real- 
itv from a flat surface. His clinical. and 
radiologic knowledge of pharynx and lar- 
ynx tumors was such that he had been 
assigned to the Tumor Classification Com- 
mittee of the World Health Organization. 

Another part of his important work com- 
prised radiotherapy of cancerous tumors, 
especially of the head and neck, uterus, and 
breast. He was one of the first to obtain 
cures with radiotherapy alone in breast 
carcinomas, although thev are considered 
radioresistant. His numerous publications 
in this respect are well known throughout 
the world. Less known are his efforts in 
treating such radioresistant tumors as 
melanomas, cvlindromas, osteogenic sar- 
comas, and others. 

Dr. Baclesse was convinced of the ad- 
vantages of an association of radiotherapy 
and surgery and he applied this method to 
many cancers: head and neck cancers, 
breast cancers, osteogenic sarcomas, etc. 
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He conceived this association as consisting 
of “high dose” radiotherapy or cobalt 60 
teletherapy, and surgical removal, carried 
out either systematically, or only if re- 
quested in the case of nonsterilization or 
progressive increase of the cancer. 

He was an ardent student of radio- 
therapeutic techniques and the fractiona- 
tion problem was his very particular pas- 
sion. When he joined the Fondation Curie, 
radiation treatments were short, not ex- 
ceeding 13 or 14 days; in 1936, he changed 
these over-all times, increasing them to 6, 
8 and even to weeks for very advanced or 
radioresistant cancers. With cobalt 60 tele- 
therapy the over-all time was decreased to 
6 or 8 weeks—a method presently used by 
nearly all anticancer centers. 

The contributions of Dr. Baclesse have 
been numerous and international in at- 
tainment. One can say unhesitatingly 
that without him anticancerous radio- 
therapy would not be what it is today. 

Dr. Baclesse had many honors bestowed 
upon him. Among these was his Honorary 
Membership in the American Radium 
Society. 

In the name of his friends and his stu- 
dents, who have admired his warm per- 
sonality culminating in great friendship, 
who have liked his teaching, and who have 
been able to appreciate the charm and the 
intimacy of his home, we express to Mrs. 
Baclesse and her children the deep sorrow 
we feel, with our most sincere sympathy. 


Rosert Carte, M.D. 
Fondation Curie 
26, rue d'Ulm 
Paris 5°, France 





Marcu 1968 
NINTH INTER-AMERICAN CONGRESS and nuclear medicine and also on the 


OF RADIOLOGY 





The meeting of the Ninth Inter-Ameri- 
can Congress of Radiology was held at 
Hotel San Rafael, Punta del Este, Uru- 
guay, December 6-12, 1967. 

The parent institution of these Con. 
gresses 1s the Inter-American College of 
Radiology. 

The Council of the Inter-American Col. 
lege of Radiologv elected the following new 
officers for the next quadrennium (1967- 
1971): President: Juan A. del Regato, 
M.D., Colorado Springs, Colorado; Secre- 
tary: F. Bloedorn, M.D., Boston, Massa- 
chusetts; and Treasurer: M. Vuksanovic, 
M.D., Miami, Florida. 

The College granted 
awards: 

Silver Medal: Dr. Félix. E. Leborgne, 
Uruguay, and Dr. Jorge De la Flor, Pert. 

Gold Medal: Dr. Philip J. Hodes, Phila. 
delphia, USA, and Dr. Juan A. del Regato, 
Colorado Springs, USA. 

Dr. Guillermo Pezet, Lima, Pert, was 
commended for his excellent work as the 
distinguished Editor of the Revista Inter- 
americana de Radiología, the official organ 
of the College, and was reappointed for the 
next quadrennium. 

The Tenth Inter-American Congress of 
Radiology will be held in San Juan, Puerto 
Rico, in 1971. 


the following 


SECOND INTERNATIONAL CONFERENCE 
ON MEDICAL PHYSICS 

The Second International Conference on 
Medical Physics will be held at the Shera- 
ton-Boston Hotel, Boston, Mass., August 
10-14, 1969, under the sponsorship of the 
U. 5. National Committee for Medical 
Physics and the International Organization 
for Medical Physics. 

The Conference will include symposia 
and proferred papers on many aspects of 
medical physics of significance in radiology 


broader aspects of physics in medicine. 

The officers for the Conference are: Prest- 
dent: Dr. Lauriston S. Taylor; Honorary 
President: Dr. Edith H. Quimby; Secretary- 
General: Dr. Edward W. Webster; Trea- 
surer: Dr. Marvin M. D. Williams. 

The preliminary program will be avail- 
able in June 1968. 

For further details please write Dr. Ed- 
ward W. Webster, Secretarv-General, De- 
partment of Radiology, Massachusetts 
General Hospital, Boston, Massachusetts 
O2IIA4. 

TENTH INTERNATIONAL 
CANCER CONGRESS 

The Tenth International Cancer Con. 
gress will be held in Houston, Texas, USA, 
May 22-29, 197 

Under the auspices of the Unio Interna- 
tionalis Contra Cancrum (U.LC.C.) the 
Congress will feature the following events: 
Preliminary Special Sessions of the Con- 
gress; Congress Lectures; Panel Discus- 
sions; Sectional Meetings with Protfered 
Papers on a Variety of Topics or Subjects; 
Scientific Exhibits; Commercial Exhibits; 
and Films. 

The following is the National Organizing 
Committee: R, Lee Clark, M.D., Chair- 
man; Murray M. Copeland, M.D., Secre- 
tary General, Tenth Congress. 

The office of the Secretariat is at the 
University of Texas M. D. Anderson Hos. 
pital and Tumor Institute at Houston, 6723 
Bertner Avenue, P.O. Box 2046s, Astro- 
dome Station, Houston, Texas 77025. Cable 
Address: CANCONG, Houston, Texas. 


Dr. H. Dabney Kerr, Secretary of The 
American Board of Radiology, makes the 
following announcement: 

The deadline for filing applications for 
the June and December oral examinations 
in 1968, as well as for the written examina- 
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tion in Radiology in June 1968, was De- 
cember 31, 1967. 

In June 1969 the requirement of a writ- 
ten examination will also apply to those 
candidates seeking certification in Diagnos- 
tic Radiology or in Therapeutic Radiology. 
Those candidates zot eligible for the oral 
examination in these two fields in June 1969 
will be required to take a written examina- 
tion, 

The deadline for filing M tor 
the June and December oral examinations 
in 1969, as well as for the written examina- 
tion in Radiology, in Diagnostic Radiology, 
orin Therapeutic Radiology, in June 1969, 
is December 31, 1968. 

Passing the written examination is a pre- 
requisite to taking the oral examination. 


TWENTIETH ANNUAL 
SAMUEL FREEDMAN LECTURES 

On Saturday and Sunday, April 6 and 7, 
1968, Dr. Heinz S. Weens, C hairman, De- 
partment of Radiology, Emory University, 
Atlanta, Georgia, will deliver the Twen- 
tieth Annual Joseph and Samuel Freedman 
Lectures in Diagnostic Radiology at the 
University of Cincinnati College of Medi- 
cine. 

Radiologists desiring to attend are re- 
quested to write for further details to Dr. 
Benjamin Felson, Department of Radiol- 
ogy, Cincinnati General Hospital, Cincin- 
nati, Ohio 45229. 


IOSEPH AND 


NEW YORK ROENTGEN SOCIETY 


The Annual Spring Conference of the 
New York Roentgen Society will be held at 
the Waldorf Astoria Hotel, New York, 
April 25—28, 1968. 

The C Raman is Dr. . Albert Dunn, Roo- 
sevelt Hospital, 428 West sg Street, New 
York, New York 10019, and the Stientine 
Program Chairman is Dr. Willam Seaman, 
Columbia Presbyterian Hospital, 622 bn 
168 Street, New York, New York 1003 

For further information please write to 
Dr. David H. Baker, M.D., Secretary, 
Babies Hospital, 3976 Broadw way, N 
York, New York 10032. 
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ISRAELI SOROR ESS OF RADIOLOGY 


held in Pari on c -9, pd 

The Annual Leo G. Rigler Lecture will 
be delivered by Dr. John Hodson of Lon- 
don on April 7. 

For further information, please write Dr. 
Samuel Schorr, Ichalov Hospital, Tel Aviv, 
Israel. 


POSTGRADUATE COURSE IN 
PEDIATRIC RADIOLOGY 


Congenital Heart Disease 


A Postgraduate Course on Congenital 
Heart Disease will be held at the Cornell 
University Medical College, Memorial Hos- 
pital Auditorium, 424 Fast 68th Street, 
New York, New Yor! k, April 25-27, 1968. 

The USE Faculty includes: Bes L. 
Abrams, M.D., Harvard Medical School- 
Peter Bent Brigham Hospital, Boston, 
Mass.; Murray G. Baron, M.D., The 
Mount Sinai Hospital, New York; Sidney 
Blumenthal, M.D. and Kent Ellis, M.D., 
Columbia-Presbyterian Medical Center, 
New York; John A. Campbell, M.D., Indi- 
ana University Medical Center, Indiana- 
polis, Ind.; Robert L. DeHaan, Ph.D., 
Carnegie Institution of Washington, Balti- 
more; Jessee E. Edwards, M.D., The 
Charles T. Miller Hospital, Saint Paul, 
Minn.; Larry P. Elliott, M.D., University 
of Florida, College of Medicine, Gainesville, 
Florida; Owings W. Kincaid, M.D., Mayo 
Clinic, Rochester, Minn.; John A. Kirk- 
patrick, M.D., Saint Christopher's Hospi- 
tal for Children, Philadelphia, Pa.; and 
Richard Van Pr E , M.D., The Chil jren's 
Hospital Medical Center, Boston, Mass. 

Inquiries should be ad dressed to Herman 





Grossman, M.D., Department of Radiol- 
ogy, New York Hospital-Cornell Medical 


Center, s28 East 68th Street, New York, 
N.Y. 10021. 








SYMPOSIUM ON DOSE RATE IN 
MAMMALIAN RADIATION BIOLOGY 
A Symposium on Dose Rate in Mammal- 
ian Radiation Biology will be held April 29- 
May 1, 1968, Oak Ridge, Tennessee. 
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For information, please write D. G. 
Brown, at UT-AEC Agricultural Research 
Laboratory, 1299 Bethel Valley Road, Oak 
Ridge, Tennessee 37830. 


REFRESHER COURSE IN 
DIAGNOSTIC ROENTGENOLOGY 

The Ninth Annual Refresher Course in 
Diagnostic Roentgenology will be held by 
the Radiology Department of the Univer- 
sity of Cincinnati College of Medicine 
under the directorship of Dr. Benjamin 
Felson from June 3-8, 1968. 

The course will include, in addition to 
lectures and demonstrations, teaching 
methods employing audience participation. 
Saturday, June 8, will be devoted entirely 
to radiation physics. 

Further information concerning the 
course, may be obtained by writing to Dr. 
Harold B. Spitz, Department of Radiology, 
Cincinnati General Hospital, Cincinnati, 
Ohio 45229. 


THIRD WORKSHOP ON 
THERMOLUMINESCENT DOSIMETRY 
The University of Wisconsin Extension 

and Medical Center announces a third 
workshop on thermoluminescent dosimetry 
to be held at the Wisconsin Center on 
August 19-21, 1968. 

The course will consist of 13 hours of lec- 
tures and 8 hours of laboratory work, and is 
intended to cover the fundamentals of 
thermoluminescent dosimetry. The enroll- 
ment will be limited to forty. 

For further information, please contact 
Dr. John R. Cameron, Department of 
Radiology, University Hospitals, Madison, 
Wisconsin 53706. 


News Items 


MaAxcH, 1968 


INTERNATIONAL SYMPOSIUM ON 
NUCLEAR ELECTRONICS 

'The Société Frangaise des Electroniciens 
et des Radioélectriciens announces the 
forthcoming International] Symposium on 
Nuclear Electronics which it is organizing 
conjointly with the French Atomic Energy 
Commission, and which will be sponsored 
by the big International Agencies, expe- 
cially the International Atomic Energy 
Agency. 

The meeting will be held in the Palais des 
Congrés at Versailles, France, September 
10-13, 1968. It will be devoted to the elec- 
tronics associated with experimentation in 
the field of nuclear and corpuscular physics. 

The President of The Organizing Com- 
mittee is Mr. Henri Angles D'Auriac. 

Address: Boite Postale n? 17-78 Cha- 
tou, France. 


FIRST INTERNATIONAL SYMPOSIUM 
ON DETECTION OF CANCER 


The First International Symposium on 
Detection of Cancer will be held at SPA 
(Belgtum), September 26—29, 1968. 

The Chairman of the Organizing Com- 
mittee 1s Dr. Henri Ramioul, Civil Hospital 
of Verviers. 

The purpose of the Symposium is discus- 
sion of the various problems in detection of 
gynecologic cancer, breast cancer, digestive 
cancer and pulmonary cancer. 

There will also be Round Table Discus- 
sions, Scientific Exhibits, and a Recrea- 
tional Program. 

Registrations are accepted at the Secré- 
tariat Général, Quai du Barbou, 4, Liège, 
Belgium. 

For further particulars, please contact 
the Secretary of the Organizing Committee: 
Doctor Albert Liegeois, Civil Hospital of 
and in Verviers. 
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Diagnostic RaprorLocv. Edited by Prof. Luigi 
Turano, Direttore dell'Istituto di Radiolo- 
gia dell'Università di Roma. Volume IV. The 
Gastro-intestinal Tract, by Prof. Cesare 
Colosimo. In Italian. Cloth. Pp. 826, with 927 
illustrations. Unione Tipografico-E.ditrice To- 
rinese, 1967. 


This is the fourth volume of the Italian series 
on Diagnostic Radiology edited by Prof. 
Turano and is a truly excellent dissertation on 
the gastrointestinal tract. Prof. Colosimo writes 
easily and is obviously at home with his assign- 
ment and with the vast literature on gastroin- 
testinal radiology. The most remarkable feature 
of this book is the emphasis placed on the ana- 
tomic, physiologic and pathologic basis for the 
radiologic findings. This is extremely helpful for 
the formation of basic concepts on the part of 
the radiologic trainees. 

The book is organized in a conventional man- 
ner and describes in detail the physical and 
psychological preparation of the patient, the 
techniques which need to be mastered, the dis- 
ease entities that can be encountered and the 
differential diagnostic features in the various 
parts of the gastrointestinal tract, beginning 
with the pharynx and ending with the rectum. 

Extensive bibliographies follow each of the 13 
chapters, and one cannot help but be impressed 
by the familiarity of the author with main 
works published in several languages. 

The illustrations are excellent and numerous, 
and the printing 1s clear. 

This fourth volume of the series is in every 
way as good as the volumes already published, 
and Prof. Colosimo must be congratulated on 
his work. 

This extensive treatise on Radiology by Prof. 
Turano will undoubtedly become the basic text 
for the Italian training centers. 

Crsare Granturco, M.D, 


RorewNTGENOLOGIC Diacnosis. A COMPLEMENT 
in RapioLocy TO THE Beeson AND Mc 
DrnMorr TExrBook or Mepicine. Volume 
1. By J. George Teplick, M.D., Clinical As- 
sociate Professor of Radiology, Hahnemann 
Medical College; Marvin E. Haskin, M.D., 


F.A.C.P., Clinical Assistant Professor of 
Radiology, Hahnemann Medical College; 
and Arnd P. Schimert, M.D., Formerly As- 
sociate Professor of Radiology, Hahnemann 
Medical College. Cloth. Pp. 527, with many 
illustrations. Price, $38.00 for set of two 
Volumes. W. B. Saunders Company, West 
Washington Square, Philadelphia, Pa. 19105, 
1967. 


This volume, the first of two, is meant to be 
used in conjunction with the Beeson and Mc 
Dermott "Textbook of Medicine," known to so 
many of us as Cecil and Loeb. The aims, or- 
ganization and limitations of this work must be 
understood to appreciate 1ts value. 

The book is not a systematic text of Radiol- 
ogy. It is rather a ". . . concise but comprehen- 
sive survev of the radiographic findings associ- 
ated with most of some eight hundred diseases 
as discussed in...” Beeson and McDermott’s 
Textbook. As such, the organization of the book 
follows the plan of the medical text. At times, 
this is illogical relative to the thought processes 
of problem solving that face the specialist in 
Radiology. There is very little information con- 
cerning differential diagnosis from radiographic 
findings. An excellent index makes up for this 
failing in part. 

The descriptions of disease processes are 
terse, and almost exclusively limited to radio- 
logic aspects. The bibliography appended to 
each section is unusually fine and points to 
additional literature where more detailed in- 
formation can be found. 

It is very easy to criticize individual segments 
of as broad a work as this. For example, the 
single illustration of the angiocardiographic ap- 
pearance of tetralogy of Fallot is not illustrative 
of the anatomic changes in the infundibulum of 
the right ventricle. Another example concerns 
the section on anomalous coronary artery aris- 
ing from the pulmonary artery. The statement 
that this lesion “. . . is usually most adequately 
opacified during selective — angiocardiog- 
raphy...” is incorrect. (The best way to 
opacify the anomalous vessel is by selective 
thoracic aortography with injection into the 
contralateral—right—coronary artery. The 


ES 


i4 
How in the anomalous--left—-coronary artery 


is almost always reversed and directed toward 
the pulmonary artery.) 

Such objections are minor and do not seri- 
ously detract from the worth of the book. A 
more important reservation 1s that only diseases 
discussed in the parent text and their related 
radiologic procedures are presented. (lor ex- 
ample, there is no reference to mammography, 
since the “Textbook of Medicine" does not dis- 
cuss primary carcinoma of the breast.) 

C onsequently, the book will be of most value 
for the internist and, particularly, for medical 
students. It ts pecially reconimended to them. 
For the resident in Radiology and for radiolo- 
gists in practice, the book 1s also useful within 
the limitations the authors clearly indicate. The 
volume ts lavishly illustrated, and the reproduc- 
tions are of excellent quality. The reviewer ex- 
pects to obtain a copy of the second volume, 
when it becomes available. 

Ricnarp G. Lester, M.D, 
BOOKS RECEIVED 
Basic Rapration Brovocv. By Donald T. Pizzarello, 

Ph.D., Associate Professor of Radiology (Radia- 

tion. Biology); and. Richard L. Witcofski, Ph.D., 

Assistant Professor of Radiology (Medical Phys- 

ics), The Bowman Gray School of Medicine, Wake 

Forest University, Winston-Salem, N. C. Cloth. 

Pp. 301, with some figures. Price, $9.50. Lea & 

lebiger, 600 Washington Square, Philadelphia, 

Pa. 19106, 1967. 


La Cronopropose ix RaptorkRAPIA: Dose, Tempo, 


Votume. By Dott. Prof. Franco Bistolfi, Assis- 
tente Ordinario dell'Istituto di Radiologia, 


dell'Università di Genova. Cloth. Pp. 658, with 
some illustrations. Price, L. 30,000. Piccin Editore, 
Via Porciglia ro, Padova, Italy, 1967. 
PuiNcieLES or NucikaR Mepicine. Edited. by 
Henry N. Wagner, Jr., M.D., Professor of Radio- 
logical Science; Associate Professor of Medicine, 
The Johns Hopkins Medical Institutions. Cloth. 
Pp. 896, with some illustrations. Price, $27.50 
Canadian price, $29.70. W. B. Saunders Conmparae 





West W RAN Square, Philadelphia, Pa. 
19106, 1968. 
HisroLocic Parrerns 1x Tumor Paruorocv. By 


Mark E. Williamson, M.D., Instructor, Depart- 
ment of Pathology, University of Colorado Medi- 
cal Center, Denver; Jan E. Leestma, M.D., In- 
structor, Department of Pathology, University of 
Colorado Medical Center, Denver; William C. 
Black, IIT, M.D., Instructor in Pathology, Wash- 
ington University School of Medicine, St. Louis; 
and Donald West King, M.D., Francis Delafield 
Professor and Chairman, Department of Pathol- 
ogy, College of Physicians and Surgeons, Columbia 
University, New York. Cloth. Pp. 212, with 191 
illustrations. Price, $16.00. Hoeber Medical Divi- 
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EcuogwNzEPHALOGRAPHIE. By H. W. Pia, 


Marcu, 1968 


sion, Harper & Row, 49 East 33rd Street, New 
York, N. Y. 10016, 1967. 

Canpiac RapioLocv, By Edward F. Dunne, M.B., 
B.Ch., Department of Radiology, St. Vincent's 
Hospital, Los Angeles, Calif. Cloth. Pp. 256, with 
1:2 figures. Price, $12.50. Lea & lebiger, 658 S. 
Washington Square, Philadelphia, Pa. 19106, 1967. 

Aw Arias or ParuoLrocic PNEUMOENCEPHALO- 
GRAPHIC Anatomy. By Giovanni di Chiro, M.D., 
Head of Section on Neuroradiology, National In- 
stitute of Neurological Diseases and Blindness, 


National Institutes of Health, Bethesda, Md.; 
with contributions by Mannie M. Schechter, 
M.D., and Ingmar Wickbom, M.D. Cloth. Pp. 
sss, with many illustrations. Price, $49.50. 
Charles C Thomas, Publisher, = 327 East 


Lawrence Avenue, Soinen. IHE. G2707,. 1007: 
THe MaxNacEMENT or Trauma. By members of the 
staff of the Tohns Hopkins University School of 
Medicine and the Johns Hopkins Hospital. Edited 
by Walter F. Ballinger, H, M.D., Formerly Associ- 
ate Professor of Surgery, The Johns Hopkins Uni- 
versity School of Medicine, Baltimore; Bixby Pro. 
fessor and Chairman, Dei yartment of Surgery, 
Washington University School of Medicine, 5t. 


Louis; Surgeon-in-Chief, Barnes Hospital, St. 
Lous; Robert B. Rutherford, M.D., Assistant 


Professor of Surgery, The Johns Hopkins Univer- 
sity School of Medicine; Surgeon-in-Charge, Emer- 
gency Service, The Johns Hopkins Hospital; and 
George D. Zuidema, M.D., Professor and Director, 
Department of Surgery, The Johns Hopkins Uni- 
versity School of Medicine; Surgeon-in-Chief, The 
Johns Hopkins Hospital. Cloth. Pp. 815, with 
many illustrations. Price, $25.00. Canadian price 
$27.00. W. B. Saunders Cannan West Washing- 
ton Square, Philadelphia, Pa. 19106, 1968. 
Progress iN LympHoLoGy. Proceedings of the In- 
ternational Symposium on Lymphology, Zurich, 


Switzerland, July 19-23, 1966. Edited by A. 
Rima. Zurich. Cloth. Pp. 426, Eh many 
illustrations. Price, DM 148... ($37.00). Georg 


Thieme Verlag, Stuttgart. Dae in the 
U.S.A. and Canada by Hafner Publishing Com- 
pany, New York, N. Y. 10003, 1967. 





ANGIOGRAPHIE DES HigNknEIistLAUrFS. By Prof. Dr. 


Kurt Decker, Nervenklinik der Universitat Mün- 
chen; and Dr. Herbert Backmund, Max-Planck- 
Institut für Psychiatrie, München. Cloth. Pp. 76, 
with many illustrations. Price, i 44- Georg 
Thieme Verlag, Stuttgart. In U.S.A. and Canada, 
Intercontinental Medical Book Cornero: New 
York, N. Y. 10016, 1968. 

Prof. Dr. 
med., Direktor der Neurochirurgischen Univer- 
sitatsklinik Giessen; and C.-L. Geletneky, Dr, 
med. wissenschaftlicher Assistent und der Neuro- 
chirurgischen Universitatsklinik Giessen. Cloth. 
Pp. 168, with many illustrations. Price, DM qs... 
($14.75). Georg Thieme Verlag, Stuttgart. In the 


U.S.A. and Canada, Intercontinental Medical 
Book Corporation, New York, N. Y. 10016, 1967. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UuirED STATES or AMERICA 


American Roentcen Ray SOCIETY 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Jung Hotel, New 
Orleans, La., Oct. 1-4, 1968. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. Fernando G. Bloedorn, Division of Radio- 
therapy, University of Maryland Hosp., Baltimore, Md. 
21201, Annual meeting: Hotel Fontainebleau, Miami 
Beach, Fla., April 7-11, 1968. 

RaAbi10LOGICAL SOCIETY or NORTH AMERICA 
Secretary- Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, HL, Dec. 1-6, 1968. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting to be announced. 

Secrion on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: San Fran- 
cisco, Calif, June 16-20, 1968. 

AMERICAN Boarn or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Kochester, Minn. 

The Spring 1968 oral examination will be held at the 
Fontainebleau Hotel, Miami Beach, Florida, June 10-14, 
inclusive. The deadline for filing applications was Decem- 
ber 31, 1967. Candidates eligible for this examination will 
not be required to take the written examination. 

The first written examination will be held the latter 
half of June 1968 in various centers of the country for all 
residents having completed 3 years of approved training 
as of June 30, 1968. Deadline for filing p this examina- 
tion and the oral examination of December 1968 was 
December 31, 1967. 

AMERICAN ÁssociATION OF PHYSICISTS IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced. 

AMERICAN Society oF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

AMERICAN SOCIETY FOR DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 652 N. Neville St., 
Pittsburgh, Pa. 15213. 

TWELFTH INTERNATIONAL ConGRESS or RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otane, Tokyo, Japan, 
Oct. 6-11, 1969. 

TENTH [nrer-AMERICAN CoNnGRESS or RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Juan A. del Regato, Colorado Springs, 
Colo., USA, 

Secretary, Dr. F. Bloedoon, Boston, Mass., USA. 
Meeting: San Juan, Puerto Rico, 1971. 

INTER-AMERICAN COLLEGE oF RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Pert. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

ALASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. Bruce C, Wright, Providence Hospital, 
Anchorage, Alaska. Meets third Wednesday each month. 


ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert E. Steyskal, ss0 W. 
Thomas Rd., Phoenix, Ariz. 85013. Two regular meetings 
a year. Annual meeting at time and place of State Medi- 
cal Association and interim meeting six months later, 

ARKANSAS CHAPTER OF AMERICAN COLLEGE OF RADIOLOGY 
Secretary-Treasurer, Dr. William J. Rhinehart, St. Vin- 
cent Infirmary, Little Rock, Ark. 72205. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11083 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association or Unrversiry RADIOLOGISTS 
Secretary-Treasurer, Dr. Harry Z. Mellins, S.U.N.Y. 
College of Medicine, Brooklyn, New York 11201. Annual 
Meeting: Ohio State University School of Medicine, 
Columbus, Ohio, May 9-11, 1968. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi. 
cine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Colonel Kurt Harrell, Landstuhl Army Medi. 
cal Center, Landstuhl, Germany. Meets quarterly. 

BiockLey RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, 41 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

Biuecrass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly. 

Brookiyn RADIOLOGICAL SOCIETY 
Secretary, Dr. Skottowe DePass, 69-13 Forest Ave., 
Brooklyn, N. Y. 11227. Meets first Thursday of each 
month, October through June. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Sheehan, 36 Briarlee Drive, Tona- 
wanda, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. James J. McCort, Santa Clara Valley 
Med. Ctr., San Jose, Calif. Meers annually during meet- 
ing of California Medical Association. 

CarawBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
12.00 NOON. 

CENTRAL New York RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bornhurst, State 
Univ. Hospital, 750 E. Adams St., Syracuse, N. Y. 13210. 
Meets first Monday each month, October through May, 

CENTRAL Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

Cuicaco ROENTGEN SOCIETY 
Secretary- Treasurer, Dr. Fredric D. Lake, 2:48 N. Lake- 
view Ave., Chicago, Ill. 60614. Meets second Thursday of 
each month, October to April, except December, at the 
Pick-Congress Hotel at 8:00 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Castele, 18869 
Canyon Rd. Parkview Park, Ohio 44126. Meetings at 
7:00 P.M. on fourth Monday of October, November. 
January, February, March and April. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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CorLonADo RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Seibert, Denver Gen. Hosp., 
Denver, Colo. 80218. Meets third Friday of each month 
at Denver Athletic Club from September through May. 

Connecticut VALLEY RADp10Locic SOCIETY 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

Davias-Fort Worth RapioLocicat Society 
Secretary-Treasurer, George E. Plum, 712 N. Washington 
Ave., Dallas, Tex. 75246. Meets monthly, third Monday, 
at Southwest International Airport at 6:30 P.M. 

Detroit RogNTGEN Ray AND RADIUM SOCIETY 
Secretary, Dr. Robert L. Willis, Harper Hospital, Detroit, 
Mich. 48201. Meets monthly, first Thursday, October 
through May, at David Whitney House, 1010 Antietam, 
at 6:30 P.M. 

Easr Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Tom H. Piatt, 12 Camino Encinas, Orinda, 
Calif. 94563. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif. 

Fast TENNESSEE RADIOLOGICAL Society 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

FLORIDA RADIOLOGICAL SOCIETY 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

FLoniDA West Coast RaApioLocicAL Society 
Secretary- Treasurer, Allen M. Sheer, soi E. Buffalo Ave., 
Tampa, Fla. 33603. Meets in January, March, May, 
July, September and November. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. L. Clements, Jr, 134 LaGrange St., 
Newman, Georgia 30263. Meets in spring and fall with 
Annual State Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. L. D. LeNeave, 315 E. Broad. 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RapioLocicAL Society 
Secretary Treasurer, Dr. Thomas W. Tufts, Broward 
General Hospital, 1600 S. Andrews Ave., Ft. Lauderdale, 
Fla, Meets monthly, third Wednesday at 8:00 P.M., at 
Jackson Memorial Hospital, Miami, Fla. 

GREATER St. Lovis Sociery or Rapio.ocists 
Secretary- Treasurer, Dr. Alexander J. Link, 7215 Mary- 
land, St. Louis, Mo. 63130. 

Hawai RaptorocicaL Socirery 
Secretary Treasurer, Dr. R. K. Wang, P.O. Box 256, 
Wahiawa, Oahu 96786. Meets third Monday of each 
month at 7:30 P.M. 

Hearty Puvsics Society 
Secretary, John W. Thomas, Philadelphia, Pa. Annual 
Meeting: Denver-Hilton Hotel, Denver, Colo., June 
16-20, 1968. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Thomas S. Harle, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 p.m., Houston, Tex. 

[pano Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLINois RApioLoGIcaL Sociery 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill. Meets in the spring and fall, 

InpIANA RoeNTGEN Sociery, Ine. 

Secretary, Dr. Edwin F. Koch, Jr., 915 University Ave., 
Muncie, Ind. 47303. Meets first Sunday in May and dur. 
ing fall meeting of Indiana State Medical Association. 
lowa RADIOLOGICAL SOCIETY 

Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, lowa, Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary-Treasorer, Dr. Robert C. Lawson, 310 Medical 
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Arts Bldg., 10th and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and 1n winter on call. 

Kentucky CHAPTER, AMERICAN CoLLEGE or RADIOLOGY 
Secretary- Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad. 
way, Lexington, Ky. 40504. Meets in April and Sep. 
tember. 

KiuGs County RaAD10L0GICAL SocieTY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 3o, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNoxviLLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone IsLanp RADIOLOGICAL Society 
Secretary, Dr. Robert J. Hochstim, 1200 Stewart Ave., 
Garden City, N. Y, 11:33. Meets monthly. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Harvey I. Meyers, 2010 Wilshire Blvd., 
Los Angeles, Calif. 90057. Meets second Wednesday of 
month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. 

Louisiana-Texas Gur r Coast RADIOLOGICAL SOCIETY 
Secretary - Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 

Marne RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine 04102. Meets in June, Sep- 
tember, December and April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

MEMPHIS ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 58104. Meets first 
Monday of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 P.M. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupsown RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 P.M., first Wednesday of each 
month, September to May. 

MirwaukEE Roentcen Ray Society 
Secretary-Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
oa Monday, October through May, at University 

ub. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A, Peterson, 672 Lowry 
Medical Arts Bldg., St. Paul, Minn. Meets twice annu- 
ally, fall and winter. 

MississiPPI RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missourr RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold B. Rapp, Cape Girar- 
deau, Mo. 

Monrana RapnioLocicaL Society 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Otto A. Troester, 924 Sharp 
Building, Lincoln, Nebraska 60208. Meets third Wednes. 
day of each month at 6 p.m. in Omaha or Lincoln. 

NEgvADA RapniorocicaAL Socrery 
Secretary, Dr. Wiliam G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New Encianb Roentcen Ray Sociery 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass. 02153. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street, Brookline, Mass., at 4:30 P.M. 

New Hampsuire Roentcen Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man. 
chester, N. H. Meets four to six times yearly. 
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New Mexico AssociaTION or RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Socigrv or RADIOLOGISTS 
Secretary, Dr. Phil Fox, Albuquerque, New Mexico. Four 
meetings annually, three held in Albuquerque, N. M., 
and one held at time and place of New Mexico State 
Medical Society annual meeting. 

New York RogNTGEN SOCIETY 
Secretary, Dr. David H. Baker, Babies Hospital, 3975 
Broadway, New York, N. Y. 10032. Meets monthly on 
third Monday at the New York Academy of Medicine at 
4:39 P.M. Annual meeting: April 25-28, 1968. 

NonTH CAROLINA CHAPTER OF ACR. 

Secretary-Treasurer, Dr. Ira Bell, Hickory, N. C. Annual 
meeting to be announced. 

NonTH CanoLiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Norty Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Ohrt, 408 Medical Arts Bldg., Fargo, 
N. D. «8102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

NonTH Fiorina RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April, 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Ivan D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 95816, Meets fourth Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 

NORTHWESTERN OHIO RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J, Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Outro SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert D. Berkebile, Elyria Memorial 
Hospital, Elyria, Ohio 44035. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald F. Mauritson, 100 Utica Square 
Med. Center, Tulsa, Okla. 74114. Meets in January, 
May and October. 

ORANGE County RADIOLOGICAL Society 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

Orecon RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Irving J. Horowitz, 2311 N.W, 
Northrup Str., Portland, Ore. 97210. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

OnLEANs PARISH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday ofeach month. 

Paciric NortHWEst RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Willis Taylor, 1118 gth Ave., 
Seattle, Washington. Annual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. T. Frederick Weiland, 619 Ridgeway 
Ave., Grove City, Pa. 16127. Annual meeting to be an- 
nounced. 

PuiLApELPHIA Roentcen Ray SOCIETY 
Secretary, Dr. C, Jules Rominger, Misericordia Hospital, 
sath St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PirrssunGH RogNTGEN SOCIETY 
Secretary, Dr. Edward R. Seitz, 601 Jenkins Bldg., Pitts- 
burgh, Pa. 15222. Meets second Wednesday of month, 
October through June, at Park Schenley Restaurant. 

RaproLocicaL Society or Connecticut, Ine, 

Secretary- Treasurer. Dr. Henry J. Fox, 10 Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 

Secretary-Treasurer, Dr. Donald E. Gunderson, 3553 
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Bayard Dr., Cincinnati, Ohio 45208. Meets first Monday 
of each month at Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY OF GREATER Kansas City 
Secretary, Dr. J. Stewart Whitmore, roro Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RaproLocicAL Society or Kansas Ciry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL Society or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave, 
New Orleans 15, La. Meets semiannually, during Lou.- 
siana State Medical Society meeting and 6 months later. 

RADIOLOGICAL SOCIETY or New Jersey 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. 07018. Meets in Atlantic City at time 
of State Medical Society meeting and 1n October or No. 
vember in Newark, N. J. 

RaApioLoGicAL Society oF RHODE [SLAND 
Secretary- Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 

RADIOLOGICAL SOCIETY or SOUTH DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 5. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Robert G. Williams, The Santa 
Barbara Medical Clinic, P.O. Box 1200, Santa Barbara, 
Calif. 93102. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF New YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester 18, N. Y. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicuMoxNp County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

RocuEsrER RogNTGEN Ray Sociery, RocugsrEn, N, Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Meets at 8:15 P.M. on the last Monday of each month, 
September through May, at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 15-17, 1968. 

San ANTONIO-MiLrTARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M. 

San Dieco RADIOLOGICAL SOCIETY 
President-Secretary, Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. Joachim Burhenne, Children’s Hospital 
and Adult Medical Center, 3700 California St., San Fran- 
cisco, Calif, 94119. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

Santa CraRA Country RADIOLOGICAL SOCIETY 
Secretary, Dr. D. Brendan O'Donnell, 696 E. Santa 
Clara St., San Jose, Calif. gstra. Meets monthly at the 
Santa Clara County Medical Association Bldg., 700 
Empey Way, San Jose, Calif. 

Section on RapioLocv, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Secrion on RapioLoovy, Mepicar Socrery or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave., S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 P.M. 

Secrion on RapioLoGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
Clinic, Fort Walton Beach, Fla. 32:48. Annual meeting 
to be announced. 
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Secrion on Rapiotocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F, Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SuHreverort RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive, 

Society FOR PEDiATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children's Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Jung Hotel, New Orleans, La., Sept. 30, 1968. 

SOCIETY oF NUCLEAR MEDICINE 
Secretary, Mr. C, Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N, Turiel, 430 N. Michigan Ave., Chicago 11, lll. 
Annual meeting Chase-Park Plaza Hotel, St. Louis, Mo., 
June 27-39 1968. 

South Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 94025. Meets second Wednesday of each 
month, 

SourH CanoLiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SourH Daxora RApIoLocIcaL SOCIETY 
Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, 5. Dak. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CaLtronNiA RADIATION THERAPY SOCIETY 
Seeretary-Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90:02. Mets quarterely. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary- Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
meeting to be announced. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, gog Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M, in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Marion E, Spurgeon, Memorial 
Hosp., Clarksville, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association meet- 
ing. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bidg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced. 

TarSrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 p.M., Elks Club in Evans. 
ville, Ind. 

Universiry or MicuicaAn Department or RoENTGEN. 
OLOGY Starr MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor Mich. 

Upper PENINsULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran SrATE Rapbi0LOGICAL Society 
Secretary-Treasurer, Dr. Leon M. Neal, St. Benedict's 
Hospital, 3000 Polk Ave., Ogden, Utah 84403. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 

VEnMONT RADIOLOGICAL SOCIETY 
Secretary, Dr. John R. Williams, 160 Allen St., Rutland, 
Vt. 

VinGiNiA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. K. Kenneth Wallace Jr., Nor. 
folk, Va. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Owen Marten, 930 Terry Avenue, Seattle, 
Wash. Meets quarterly. 

West VigoiNiA RADIOLOGICAL SOCIETY 
Secretary, Dr. George G. Green, Morgantown, W. Va. 
Meets concurrently with Annual Meeting of West Vir- 
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ginia State Medical Society; other meetings arranged by 
program committee, 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

WyoMiNG RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cusa, Mexico, Puerro Rico AND CENTRAL AMERICA 


AsociaciOn DE RanpióLocos pE CENTRO AMERICA Y 
PaNAMÁ,. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SociEDAD DE RapioLocíA DE EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av, Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9*. Calle A 0-05, Zona 1, 
Guatemala, 

SOCIEDAD DE RaApioLoGíA v FisiorERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vm, 
San José, Costa Rica. 

SociEDAD Mexicana DE Rapro.ocfa, A.C, 

Coahuila No. 35, México 7, D. F. 
Secretary -General, Dr. Ramón Ruenes. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504. Professional 
Bldg., Santurce, Puerto Rico. 

SociEDAD RapioLócicA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No, 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocrEDAD RaproLócicA pe Puerro Rico 
Secretary, Dr. Felipe N. de Jesús, Apt. 9387, Santurce, 
Puerto Rico. Meets second Thursday MON month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


Brairish COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE or QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

Bnarrisg IwsrrrvuvE or RapioLocv 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. Annual meeting to be announced. 

CANADIAN  ÁssOCIATION OF Puysicists, Division or 
Mepicat AND BiorocicAr Puvsics. 

Honorary Secretary Treasurer, Paul M, Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 

EDMONTON AND Districr RADIOLOGICAL SOCIETY 
Secretary, J. D. R. Miller, M.B., University of Alberta 
Hospital, Edmonton, Alberta, Canada. Meets third 
Thursday of each month October to May, except Decem- 
ber, at various Edmonton Hospitals, 

FAcuLTY or RADIOLOGISTS 
Honorary Secretary, Dr. J. N, Pattinson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. Annual meeting: 
London, England, June 21-22, 1968. 

Facutry or RapioLocisrs, Rovar COLLEGE or SURGEONS 
IN IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.I., D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

Secrion or RapioLocv or THE Roya. Sociery or MEDI- 
ciNE (Conrinep To Mepicat MEMBERS) 

Meets third Friday each month at 4745 p.m. at the Royal 


Vor. 102, No. 3 Society Proceedings 719 


Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 

CANADIAN Association oF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald, 155: Summerhill Ave., Montreal 2:, Que., 
Canada, Thirty-first Annual Meeting, Chateau Fron- 
tenac, Quebec, March 4-9, 1968. 

Montreat RaAbioLoGICAL Srupy Crus 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SECTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, 6415 Boul. 
L'Assomption, Montreal 26, P. Q., Canada, Meets every 
third Tuesday from October to April. Annual meeting 
to be announced. 

Toronro RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

COLLEGE OF RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

Cor£cio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Manc Céntola, Caixa 
Postal £984, São Paulo, Brazil. 

SociEDAD ARGENTINA DE RADIOLOGIA 
Secretary-CGeneral, Dr. Osvaldo E. Zerbo, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SocrepaD Botiviana DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La Paz, 
Bolivia. Meets monthly. General assembly once every 
two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Cxa Postal 1332, 
Rio de Janeiro, Brazil. General Assembly meets every 
two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SociEDAD CHILENA DE RapioLoocíA 
Secretary, Dr. Manuel Concha, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SociEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SocigbAp Ecuatortana ve RapioLooíA v FisroTERAPÍA 
Secretary, Dr. Carlos Palau, Av, Bogotá 206, Guayaquil, 
Ecuador. 

SociepaD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SociepaD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladys del Pino, Instituto de 
Radiología “Cayetano Heredia" Hospital Arzobispo 
Loayza, Lima, Perú. Meets monthly except during Janu- 
ary, February and March. 

SOCIEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Comba Society meets monthly at the Instituto 
de Radiología. 

Sociepap DE RapioLoGÍA, 
MÉDICA DEL URUGUAY 


CANCEROLOG{A Y Ffsica 


Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal sos, Pernambuco, Brazil. 

SOCIEDAD DE RoENTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Gr. 
Paz. 1:1, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Modesto Rivero Conzáles, Apar- 
tado No. 9562 Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 


Federal, Caracas, 


CONTINENTAL EUROPE 


ÜsrEnnEICHIsCHE RONTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
g, Austria, Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 
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ROENTGEN DIAGNOSIS 
HEAD 


Oon, C. L. The value of positive contrast 
ventriculography in pineal and posterior 
fossa tumours. Singapore M. F., June, 1967, 
8, 111—122. (From: Department of Radio- 
diagnosis, General Hospital, Singapore, 
Singapore.) 


Positive contrast ventriculography has proven 
a valuable procedure in localization and diagnosis of 
masses in the pineal and posterior fossa regions, 
while anatomic variation limits the usefulness of 
vertebral arteriography, the hazard of herniation 
limits pneumoencephalography, and isotope localiza- 
tion is of only moderate accuracy in the posterior 
fossa. Because of technical difficulty in manipula- 
tion and visualization of small volumes of air in 
ventriculography, many workers have turned to 
myodil (pantopaque) ventriculography. The poten- 
tial hazard of iodinated oil in the ventricular and 
subarachnoid space remains under discussion, with 
recent experiments suggesting that it may not be 
irritating unless blood is present. 

At General Hospital in Singapore, air is employed 
first and if the study is inconclusive, this is followed 
by positive contrast medium ventriculography. 
Fluoroscopic control and filming are no longer em- 
ployed here, the manipulation and filming being as 
follows: 1-2 cc. are instilled into the lateral ventricle 
with the patient prone with head flexed. The patient 
is then brought backwards until he is kneeling on the 
table with trunk and head extended (termed by 
author the “Al Jolson attitude"). Slight contralateral 
head tilt during the extension maneuver facilitates 
flow of the medium from the frontal horn through 
the foramen of Monro to the posterior third ventricle. 
With head still hyperextended, the patient is placed 
supine, and when slight head flexion results in filling 
of the aqueduct and fourth ventricle, roentgeno- 
grams are obtained in frontal, Towne and cross- 
table lateral projections. 

In analyzing the roentgenograms for evidence of 
displacement of normal structures, the author em- 
ploys 3 landmarks. The standard Swedish and 
Twining points are employed for the localization of 
the aqueduct and fourth ventricle, respectively. 
The “Singapore method" of pineal localization is 
introduced. A line is drawn from the tuberculum 
sellae to the anterior lip of the foramen magnum. 
A perpendicular arm is erected 1 cm. from the 
tuberculum. The expected position of the pineal 
gland is given by a point 5 cm. on this arm. 

The author reports a group of representative 
cases, illustrating the appearance of typical lesions 
of the posterior fossa and posterior third ventricle.— 
Rosalind H. Troupin, M.D. 
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NECK AND CHEST 


FARRELL, V. J., and Hawkins, T. DESMOND. 
Glomus jugulare tumours with special 
reference to their radiological features. 
Brit. F. Surg., Sept., 1967, 54, 789-795. 
(Address: V. J. Farrell, 40 Eighth Avenue, 
Parktown North, Johannesburg, South 
Africa.) 


Glomus jugulare tumors are benign, locally inva- 
sive tumors originating from the chemoreceptor 
system. The first involvement is commonly in the 
middle ear, from which spread may occur in any 
direction, with variation of clinical presentation 
depending upon which cranial nerves are affected 
and the direction of spread. The internal jugular 
vein may be affected by compression or intraluminal 
extension. Over 300 cases have been reported in the 
literature. Often the preoperative diagnosis is 
incomplete. 

The authors describe 2 cases. Both were worked 
up roentgenologically with plain skull roentgeno- 
grams, tomograms of the petrous bones, carotid and 
vertebral angiography, jugular phlebography, and 
contrast venticulography. Bone involvement was 
precisely localized from the plain roentgenograms 
and tomograms. The vascular supply of both tumors 
was from external carotid and vertebral-basilar 
arteries. Involvement of both jugular veins was 
demonstrated by phlebography, and displacement 
of posterior fossa structures confirmed by ven- 
triculography. Both cases were inoperable as judged 
at surgery, and both had brisk hemorrhage following 
limited biopsy. 

If these cases are adequately studied, surgery can 
often be avoided, and a firm diagnosis can be 
established without resort to biopsy which is not 
without danger.—Mark D. Reiss, M.D. 


SAKULA, ALEx. Mushroom-worker's lung. Brit. 
M. F., Sept. 16, 1967, 2, 708—710. (Address: 
Consultant Physician, Redhill General Hos- 
pital, Surrey, England.) 


Tour cases of mushroom worker's lung in Sussex, 
England, are described who developed respiratory 
disorders thought to be related directly to their 
occupation. Some hours after exposure the patients 
developed fever, headache, vomiting and myalgia, 
subsequently giving way to symptoms of acute 
respiratory distress, with cough, chest pain and 
dyspnea. 

Roentgenologic findings consisted of a diffuse 
miliary type of parenchymal mottling, often with 
associated hilar prominence. These abnormalities, 
as well as the clinical manifestations, cleared follow- 
ing removal from the environment. 

Mushrooms are commercially grown on a compost 
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mixture which has gone through a steam pasteuriza- 
tion process designed to kill organisms which would 
interfere with mushroom growth. The process, 
however, is conducive to growth of certain thermo- 
philic mold contaminants. During the hand planting 
(spawning) of mushroom mycelia in the compost, 
a great deal of mold-containing dust is hberated. 

The clinical and roentgenologic features bear a 
close resemblance to those seen with "farmer's 
lung""—hvpersensitivity reaction to an antigen pres- 
ent in the dust of mouldy hay. Two of the 4 patients 
presented here had demonstrable precipitin. anti- 
bodies to thermophilic fungi. 

The author feels that mushroom worker’s lung 
is a variant of farmer’s lung and does not represent 
hypersensitivity to the mushrooms themselves.— 


Rosalind H. Troupin, M.D. 


SCHNEIDER, Rea M., Nevius, Donatp B., 
and Brown, Harortp Z. Desquamative 
interstitial pneumonia in a four-year-old 
child. New England F. Med., Nov. 16, 1967, 
277, 1056-1058, (From: Cedars of Lebanon 
Division, Cedars-Sinai Medical Center, Los 
Angeles, Calif.) 

Previous reports of desquamative interstitial 
pneumonia have been in adults. 

This case is of a 4 year old girl with cough, 
tachypnea, and weight loss for 2 weeks. A recent 
nonspecific upper respiratory tract infection was 
noted in the family. Physical examination was 
negative except for rapid respiration. Chest roentgen- 
ograms showed bilateral hilar and paratracheal 
lymphadenopathy, and a vague infiltrate at the 
right base. Extensive study failed to reveal bacterial 
or tuberculous etiology, and several viral studies 
were negative. While running a low grade fever she 
was discharged on tetracycline, only to be readmitted 
in a month with progressive deterioration of her 
condition, cyanosis, and diffuse increased densities 
throughout both lung fields. An open-lung biopsy 
revealed proliferation of the alveolar lining cells 
and masses of similar cells in the alveolar lumina— 
typical microscopic findings of the disease first de- 
scribed by Liebow (4m. T. Med., 1965, 39, 369- 
404), who concurred in the diagnosis of this case. 
The clinical condition markedly improved following 
corticosteroid therapy, which is true of the other 
cases reported. The sole difference between this 
case and other adult cases is the presence of lymph- 
adenopathy, which has not heretofore been reported. 

This case illustrates the value of open-lung biopsy 
in diffuse pulmonary disease.——Mar& D. Reiss, M.D. 


DorniNc, P., and Lorenz, B. The demonstra- 
tion of pulmonary embolism with I- 
albumin particles. German Med. Monthly, 
June, 1967, 72, 253-258. (From: The De- 
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partment of Medicine, Hospital of the Com. 
passionate Brothers, Regensburg, Germanv.) 


Eleven patients with the final clinical diagnosis 
of pulmonary embolism were scintiscanned using 
radioactive albumin particles. In 8 of these patients 
the scan was abnormal and the abnormality usually 
appeared as an extensive filling defect. Six of the 
11 cases also had an abnormal chest roentgenogram, 
including the 3 with a normal scintiscan. 

A dose of 200-300 uc of the material was given 
intravenously with the patient recumbent, taking 
30 seconds for the injection to allow good admixture 
with the blood. 

The authors confirm the observation made by 
other investigators that the scan may remain ab- 
normal for a long period of time after clinical and 
roentgenographic recovery. 

They conclude that, because of its ability to pro- 
vide early confirmation of pulmonary embolism in a 
large proportion of cases, lung scanning is a valuable 
aid to diagnosis. It is easily performed with no 
allergic or hemodynamic reactions and offers a very 
low radiation exposure. Everett H. Johnston, M.D. 


Van VAERENBERGH, P. M., and SCHELSTRAETE, 
K. La scintigraphie pulmonaire. vasculaire. 
(Pulmonary vascular scintigraphy.) 7. belge 
de radiol., 1967, 50, 273-287. (From: Clinique 
de Radiothérapie et de Médicine Nucléaire, 
Université de Gand, Belgium.) 


The lung scan serves as a visual demonstration 
of the capillary flow of blood coming from the pul- 
monary artery. Zones of ischemia become manifest 
as "cold" or inactive areas. Thus, in addition to a 
study of pathologic anatomy, a lung scanning pre- 
sents an excellent method of measuring pulmonary 
blood flow and of demonstrating regional alterations 
of this flow. 

The introduction of macroaggregate albumin 
tagged with P? and, more recently, with Tc??", 
has started a new era of progress in this field. 

The thyroid gland is blocked with Lugol's solu- 
tion when BP" is used, and with perchlorate when 
'Tce??" is used. 

A dose of 200-250 uc of MAA tagged with either 
I? or Te?" is slowly injected intravenously, with 
the patient in the supine position. This position 
affords a more homogeneous distribution in the lung. 
Scanning is started immediately, using a Picker 
Magnascanner with a 3 or § inch crystal, at a speed 
of bo cm./min. The procedure is simple, free of side 
reactions and is well tolerated by the patient. 

The biologic half life of these isotopes is approxi- 
mately 6 hours. With a dose of 200 uc IMAA, the 
lung radiation dose is 1.3 rads and is 100 times less 
when the same dose of Tc?" "MAA is used. 

Scannings are performed in the anteroposterior 
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supine position. In cardiomegaly, the retrocardiac 
portion of the lung is best examined with the patient 
in the prone position. This position, however, is 
poorly tolerated by the dyspneic patient. 

While pulmonary angiography may give more de- 
tailed information, lung scanning is a simple and 
safe procedure and may be repeated, as needed, 
especially in evaluating the progress and evolution 
of pulmonary infarction and embolism. 

A total of 127 lung scannings were performed on 
108 patients, of which g were normal. The others 
included pulmonary embolism and infarction, 
primary and metastatic malignant disease, abscess, 
bullous emphysema, atelectasis, pleural disease, 
tuberculosis, cysts and subphrenic abscess. 

The extent of pulmonary involvement and the 
diminution of regional blood flow were greater than 
would be anticipated by the appearance of the 
routine chest roentgenograms. 

One table, and reproductions of scans and roent- 
genograms of 11 illustrative cases accompany this 
article-—_William H. Shehadi, M.D. 


MacLean, Luoyp D., Suipata, Henry R., 
McLean, A. P. H., SKINNER, G. BERNARD, 
and GurELrUs, Joun R. Pulmonary embo- 
lism: the value of bedside scanning, angiog- 
raphy and pulmonary embolectomy. Canad. 
M. A. F., Oct. 17, 1967, 97, 991-1000. 
(Address: L. D. MacLean, Surgeon-in-chief, 
Royal Victoria Hospital, 687 Pine Avenue 
W., Montreal 2, Quebec, Canada.) 


The authors report on their experience in scintil- 
lation scanning of 104 patients suspected of pul- 
monary embolism using I! macroaggregates of 
serum albumin. These scans were obtained at the 
bedside and were negative in §1 patients. In 8 of 
these patients who died, pulmonary embolism was 
not found at autopsy. All of the 53 patients with 
positive scans received heparin. In 2 patients with 
hypotension and a mean right venticular pressure 
exceeding 22 mm. of mercury, embolectomy and 
inferior vena cava plication were performed success- 
fully. If the mean right ventricular pressure was less 
than 22. mm of mercury, only inferior vena cava 
plication was done. Patients were also treated with 
isoproterenol, heparin, bed rest and oxygen. Eight 
of the patients treated medically died, 5 from un- 
related causes, suggesting the possibility of false 
positive scans. Three patients who were awaiting 
angiography and manometry after a positive scan 
all died of pulmonary embolism. 

During the period of this study 24 patients who 
did not have a bedside scan died of pulmonary 
embolism. In many of the 24 the correct diagnosis 
was suspected clinically but treatment was begun 
in only 3 indicating the value of scanning in the 
diagnosis of pulmonary emboli.—Merle K. Loken, 
Ph.D., M.D. 
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BEeFELER, Benjamin, Macieop, CarHEL A., 
Baum, GERALD L., and Schwartz, Hanorp. 
Idiopathic dilatation of the pulmonary 
artery. dm. F. M. Sc, Nov., 1967, 254, 
667-674. (From: Cardiology Section, Medi- 
cal Service, Veterans Administration Hospi- 
tal, Western Reserve University, Cleveland, 


Ohio.) 


The authors present 2 case reports and discuss 
the entity of idiopathic dilatation of the pulmonary 
artery. They point out that this is a rare lesion and 
that the diagnosis must be made by exclusion. 

In both their cases there was a full medical work- 
up including cardiac catheterization and angiog- 
raphy. 

They raise the question as to whether or not this 
condition may be associated with some congenital 
abnormality of the wall of pulmonary artery similar 
to that found in the aorta in Marfan’s syndrome. 

Good criteria for the diagnosis are laid down in the 
text, but there will still be some who find the diag- 
nosis of idiopathic dilatation of the pulmonary 
artery hard to accept, especially without a fuller 
discussion of the mobility and normality of the pul- 
monary valve on cineangiography.—Roger Pyle, 
M.D. 


Mors, C. A. F., GorpMaN, B. S., and MUSTARD, 
W. T. Anomalous pulmonary venous drain- 
age from the left lung into a left vertical 
vein. J. Canad. A. Radiologists, Sept., 1967, 
I8, 377-381. (From: Departments of Radiol- 
ogy and Surgery, The Hospital for Sick 
Children, Toronto, Ontario, Canada.) 


The authors describe 2 cases of anomalous pul- 
monary venous drainage from the left lung into a 
left vertical vein. Partial anomalous insertion of 
pulmonary veins may occur in various structures. 
Those on the right often insert into the superior 
vena cava or right atrium, or both. They may also 
join the inferior vena cava or the azygos vein. The 
condition is less common on the left. They may 
insert into the innominate vein, a left vertical vein 
or the coronary sinus, and rarely into the inferior 
vena cava or the right atrium. Cases have been 
reported in which the left pulmonary veins drained 
into a persistent left superior vena cava which joined 
the coronary sinus. Here the 2 superior venae cavae 
were joined by a left innominate vein. 

The vein connecting the left pulmonary veins and 
the left innominate vein is a persistent left superior 
vena cava only if there is a connection between this 
vein and the heart. This becomes important be- 
cause the persistent left superior vena cava repre- 
sents the left anterior cardinal vein whose proximal 
end becomes the coronary sinus. When no connec- 
tion with the heart can be demonstrated, the vein is 
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designated as the "vertical anomalous pulmonary 
vein." Many suggest that the channel from the vein 
to the heart may have been obliterated during 
fetal development and that both these veins are the 
same. 

The entity is similar to an atrial septal defect 
clinically, | electrocardiographically and hemo- 
dynamically. Cyanosis is not a feature and fatigue 
and exertional dyspnea usually occur only in adult- 
hood. There is a left to right shunt diastolic over- 
loading, right axis deviation and right ventricular 
hypertrophy. An associated atrial septal defect 1s 
common. 

The chest roentgenogram shows a widening of the 
left superior mediastinum from the main pulmonary 
artery to the aorta. It also reflects the degree of lett 
to right shunt. Hypoplasia of the lung and hemi- 
thorax on the side of involvement with shift of the 
mediastinum to the affected side has been seen with 
right-sided involvement. 

Selective angiocardiography demonstrated the 
vertical vein with near simultaneous opacification 
of both atria. The atrial septal defect was not demon- 
strated. 

Surgical correction consists of closing the atrial 
septal defect if present and anastomosing the verti- 
cal vein to the left atrium while ligating the vertical 
vein proximal to its insertion into the left innominate 


vein.— James R. Stevenson, Major, MC 
ABDOMEN 


Winuiams, D. Innes, and BuRKHOLDER, 
George V. The prune belly syndrome. 7. 
Urol., Aug., 1967, 98, 244-251. (From: The 
Hospital for Sick Children, Great Ormond 
Street, London, England.) 

The characteristic features of this syndrome are 
congenital defects or absence of the abdominal mus- 
cles particularly from the lower and medial region of 
the abdominal wall, cryptorchism, dysplasia of the 
entire urinary tract including the kidneys, ureters 
and bladder usually with marked hydronephrosis, 
defects in the lower extremities, heart, or gastro- 
intestinal tract. The disease is more common in 
boys, with an incidence of 134 males to 6 females of 
140 cases reported in the literature. There is a 
strong suggestion that the condition is due to a 
sex_linked recessive trait; but in those cases which 
have been studied up to the present time, no chro- 
mosomal abnormalities have been detected. 

On physical examination of the patient, the skin 
over the abdominal wall is wrinkled somewhat as a 
wizened prune, and the abdominal muscles do not 
respond to electrical stimulation. 

The urinary tract disease is extremely important 
and many of these patients do not survive birth or 
infancy because of advanced urinary tract d ysplasia. 
The kidneys are poorly developed and cystic changes 
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may be present. The ureters may be tremendously 
dilated with increase in fibrous tissue and diminu- 
tion in musculature. The bladder is characteristically 
capacious and may hold as much as 600 to 1,300 ml. 
'Trabeculation of the bladder is not usually present, 
but reflux during cystography is common. The 
ganglion cells of the bladder and lower urinary tract 
have not been found to be abnormal. A patent urach- 
us may be present in some instances. The character- 
istic picture of the bladder base is a wide tapering of 
the posterior portion to a point near the mem branous 
region of the urethra. In some instances, a tabular 
diverticulum is seen and this may be utricular in 
origin. In some of these patients there is a mechanical 
obstruction associated with congenital valves of the 
urethra, but this is not an important part of the 
syndrome. The pressure flow studies of the urinary 
bladder indicate that the changes in the urinary tract 
of patients with absent abdominal muscles do not 
occur as the result of increased urethral resistance or 
obstruction, although this finding may be present in 
a minority of instances. Maximum micturating 
pressure and urine flow, the best measures of 
detrusor action, have been shown to be within 
normal range. 

This article suggests that in male patients with 
absent abdominal muscles the entire urinary tract 
is developmentally imperfect. If there is a mechani- 
cal obstruction, it will be found in the lower part of 
the posterior urethra, but the majority of patients 
do not show this lesion. The more severe cases sutfer 
from renal failure due to primary dysplasia. In these 
patients the abnormalities of the urinary tract and 
other systems will frequently result in stillbirth or 
renal failure during the early months of postnatal 
life. Those who may survive are subject to urinary 
tract infection and the control of this infection ap- 
pears to be the most helpful aspect of their treat- 
ment.—George W. Chamberlin, M.D. 


Bourne, CHARLES W., and Cerny, JOSEPH C. 
Congenital absence of abdominal muscles: 
report of six cases. 7. Grol, Aug., 1967, 9d, 
252-259. (From: The Section of Urology, 

Department of Surgery, University of Michi- 

gan Medical Center, Ann Arbor, Mich.) 


The syndrome associated with absence of the 
abdominal muscles was first described in 1839 and 
at the present time more than 100 cases have been 
documented. The patients are usually of the male 
sex and the syndrome is associated with anomalies 
of the muscles of the abdominal wall, dysplasia of 
the kidneys, ureters and bladder, undescended 
testicles, skeletal anomalies such as talipes equi- 
novarus, congenital dislocation of the hips, and 
anomalies of the intestinal tract and heart. 

In this article 6 case reports are presented showing 
the clinical and. pathologic features of the urinary 
tract lesions. The imperfect muscularization or 
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dysplasia of the abdominal skeletal muscles and the 
smooth muscle of the urinary conduits produce the 
clinical findings of a wrinkled protuberant abdominal 
skin with dilatation of the bladder and upper uri- 
nary tracts. In some of the reported cases, a pri- 
mary obstructive lesion in the lower urinary tract 
may have contributed to the hydronephrosis, 
hydroureter and overdistention of the bladder. 
Definite posterior urethral valves were diagnosed 
in $ cases in a series of 90 patients with this syn- 
drome. The most common abnormality was a median 
bar or a stenosis of the vesical neck, but phimosis 
or valves of the urethra also have been found. 
Whenever possible urinary tract infection should 
be treated and any obstructive lesion should be 
removed.—George W. Chamberlin, M.D. 


Witson, T. S., and Cosropoutos, L. B. The 
diagnosis and treatment of pancreatic pseu- 
docysts. Canad. M. A. F., Nov. 4, 1967, 97, 
1117-1128. (Address: T. S. Wilson, M.D., 
Department of Surgery, University Hospital, 
Edmonton, Alberta, Canada.) 


A history of pancreatitis or blunt trauma to the 
abdomen should alert the attending physician to the 
possibility of a pancreatic pseudocyst. The patient 
may recover from the original attack of pancreatitis, 
and then gradually, over a period of 2, 3 or 4 weeks, 
a mass may become palpable in the epigastrium. 
Itis usually smooth and round, rather indistinct and 
only slightly tender. Following trauma, the mass 
often appears more quickly. Persistent pain and 
ileus may develop and the serum and urine amylase 
may remain elevated (2 to 3 times of normal). 

Sixteen patients are reported and in one-half of 
these a diagnosis of pseudocyst was first suggested by 
the radiologist. 

A pseudocyst, or false cyst, is defined as an ab- 
normal sac containing fluid, the lining of which is 
devoid of epithelium. 

A roentgenogram of the abdomen may show a 
nonspecific, soft-tissue mass, usually in the left 
upper quadrant, which on rare occasions contains 
calcification. The adjacent organs may be displaced. 
Upper gastrointestinal series may reveal degrees of 
extrinsic pressure upon the stomach, duodenum and 
jejunum, depending on the origin of the cyst. 
Typically, a cyst arising from the head of the pan- 
creas produces widening of the duodenal loop and 
upward displacement of the greater curvature of the 
stomach. The mucosal folds of the stomach and 
duodenum may be strecthed but are intact. Cysts 
arising from the tail of the pancreas may displace 
the stomach anteriorly and medially, and the 
proximal jejunum and the splenic flexure caudally. 
A cyst of the body of the pancreas usually dis- 
places the stomach anteriorly and superiorly, and 
in some instances laterally. Intravenous cholangiog- 
raphy or percutaneous transhepatic cholangiography 
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may reveal lateral displacement of the common 
bile duct and obstruction by a pseudocyst of the 
head of the pancreas. Roentgenograms of the chest 
may show an elevated left diaphragm and occa- 
sionally an effusion in the left pleural cavity. 

Pseudocysts rarely resolve spontaneously and if 
left alone they may become infected, may hemor- 
rhage, develop a fistula, or produce duodenal or 
common bile duct obstructions and thus jaundice. 
The most important complication is spontaneous 
rupture into the general abdominal cavity with 
peritonitis. Occasionally a cyst may perforate into 
the bowel (and thus may cure itself), into the medi- 
astinum and lung, retroperitoneally and even 
externally. If the patient’s condition permits, pseu- 
docysts should be operated upon when first diag- 
nosed. Fluid and electrolytes should be replaced 
before operation. Commonly the cyst 1s behind the 
stomach or points through the gastrohepatic or 
gastrocolic omentum, or through the undersurface 
of the transverse mesocolon. 

In the past Io years an increasing number of 
pseudocysts have been drained internally into the 
stomach. Since the majority lie behind the stomach 
and are fused with the posterior gastric wall, the 
simplest access to the cyst is to open the interior 
wall of the stomach and make a circular 2 to 3 cm. 
opening through the posterior gastric wall into the 
cyst. To keep the opening patent, the cyst wall is 
sutured to the opening in the posterior wall of the 
stomach. The method is safe and easy to perform 
and the results on the whole have been excellent. 
Not all pseudocysts can be drained by cysto- 
gastrostomy. Those in peculiar positions are best 
treated by simple tube drainage, using a No. 16 
soft rubber mushroom catheter. A small cyst in the 
tail of the pancreas can be excised by distal pan- 
createctomy. 

Seven of the 16 patients were treated by tube 
drainage and 8 by cystograstrostomy. The cyst 
recurred in 3 patients treated by tube drainage and 
a second operation was necessary. There have been 
no recurrences except in those treated by tube 
drainage. None died and the final result in each case 
was good.—Davtd Morse, M.D. 


BurxinsHaw, J. H., O’Brien, D., and 
Penpower, J. E. H. Cushing’s syndrome 
associated with an islet-cell tumour of the 
pancreas in a boy aged 2 years. Arch. Dis. 
Childhood, Oct., 1967, 42, §25-531. (From: 
Mayday Hospital, Croydon, London, 
England.) 


The subject of this case report was first seen at the 
age of 2 years and 3 months because of sudden 
excessive weight gain. He had been healthy and free 
of symptoms until 6 weeks before, when he suddenly 
developed ravenous appetite. He became very fat 
and his face had become very red. He gained 74 lb. 
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during this interval. There were no other symptoms, 
and he was lively and cheerful, with no polydipsia 
or polyuria. 

On physical examination he had a red moonface, 
and there was faint brownish pigmentation of the 
entire skin with no pigment inside the mouth. The 
genitalia were not enlarged and there was no hirsu- 
tism. Two blood pressure readings of 110 mm. Hg 
were recorded by the flush and palpation methods 
using a 10 cm. cuff. A firm, nontender rounded mass 
about the size of an orange could be felt in the lett 
hypochondrium. Grossly elevated plasma cortisol 
and urinary oxogenic steroid excretions were ob- 
served. 

Intramuscular pyelography demonstrated a large 
soft tissue mass below and lateral and possibly ante- 
rior to the kidney, and was displaced by the splenic 
flexure downward. 

At operation a large retroperitoneal tumor was 
found in the tail of the pancreas. Distal hemi- 
pancreatectomy and splenectomy were performed. 
The left adrenal gland was seen to be the size of a 
forefinger nail and thin. It was thought to be normal 
in size. The right adrenal gland was also thought to 
be normal. 

The specimen weighed 21 grams. Sections showed 
a tumor composed of small polygonal or spherical 
cells which in places closely resembled the cells of 
the islets of Langerhans in the attached normal 
part of the pancreas. 

The patient has been symptom-free for 1 year 
following the operation. 

The importance of confirming the diagnosis of 
Cushing’s syndrome by finding evidence of increased 
adrenal cortical activity derived from tests of cortical 
steroid metabolism is stressed. Ross, Marshall. 
Jones and Friedman have found that the most useful 
test is the measurement of the amount of free corti- 
sol in the urine, and the next most reliable is the 
dexamethasone suppression test, adrenal overac- 
tivity being strongly suggested by failure of this 
substance to suppress the urinary excretion of 17- 
ketogenic steroids below 3 milligrams per day. 

Cushing’s syndrome in its modern connotaticn 
associated with nonadrenal tumers is well docu- 
mented. By far the commonest primary tumor is an 
cat cell carcinoma of the lung, but tumors in many 
other sites have been incriminated, including islet 
cell tumors cf the pancreas. It has been shown that 
these nonadrenal tumors do in fact secrete a sub- 
stance biologically and immunologically similar to 
ACTH which suppresses the normal ACTH produc- 
ing mechanisms of the pituitary. It seems that the 
production of this ACTH-like substance is auton- 
omous, because it is not suppressed by large doses 
of dexamethasone. There appears to be no constant 
relation between size and functional activity of the 
adrenal glands. The explanation for this postulates 
the existence of two types of corticotrophin, one 
that maintains the weight of the adrenal glands 
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and the other that releases the steroids. This may be 
the explanation for the absence of enlargement of 
the adrenal glands in this patient.-——Dacid Morse, 


M.D. 


GENITOURINARY SYSTEM 


Cerny, Joserw C., KENDaLL, A. RICHARD, and 
Nessir, Reep M. Subcutaneous pyelography 
in infants: a reappraisal. 7. Urol, Sept., 


Urology, Department of Surgery, University 
of Michigan Medical Center, Ann Arbor, 
Mich.) 


This is a brief summary of the authors’ experi- 
ence in the selection of the least irritating contrast 
medium for subcutaneous injection based upon 
animal injection and histologic examination. In 
addition, the authors present their experience with 
subcutaneous injection. of pyelographic media in 
100 infants. 

For the experimental studies large white rabbits 
were anesthetized and after proper preparation in- 
jected subcutaneously with 20 cc. of go per cent 
urckon, hypaque, miokon, renografin, and conray. 
Sections of skin and subcutaneous tissue were studied 
histologically at intervals of 12 hours and 1, 2, 3, 
s, 8, and to days following the injection. The degree 
of inflammatory reaction was graded. The contrast 
medium which was found to be the least irritating 
in rabbits was hypaque. 

'This substance was used in the following clinical 
trials of 100 infants. Thirty cc. of 50 per cent hy- 
paque was diluted to a volume of 100 cc. with 5 
per cent dextrose and water. Under sterile precau- 
tions this was injected through a 21 gauge needle in 
the subcutaneous tissues over the scapular and 
axillary area with so cc. quanta injected over each 
side. This produced considerable ballooning of the 
overlving skin which returned to normal after a 
period of 1 hour. 

Satisfactory pyelograms were obtained imn 98 
infants. The majority of pyelograms were inter- 
preted as normal, but Wilms’ tumor was found in 
| patient and varying degrees of upper urinary tract 
dilatation were seen in several patients. Generally, 
the best visualization was obtained 30, 45, or 60 
minutes after injection. Of 2 patients with poor 
quality subcutaneous pyelograms, one infant had an 
elevated blood urea nitrogen of 76 mg. per cent, and 
the other infant was anemic with a hemoglobin of 6 
grams per cent. No allergic reactions were en- 
countered. 

The authors conclude that the subcutaneous 
injection of hypaque in infants can be a safe and 
satisfactory procedure for pyelography. 

Two tables and 6 figures illustrate the authors’ 
findings.-—George W. Chamberlin, M.D. 
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Faure, CLEMENT. (Paris, France.) Les maladies 
kvstiques des reins chez l'enfant. (Renal 
cystic disease of children.) 7. Canad. A. 
Radiologists, Sept., 1967, 78, 356-370. 


By definition, a renal cyst is a well defined (closed) 
pocket, lined with epithelium, filled with fluid, 
located in the renal parenchyma at the expense of 
renal tissue, and independent of the collecting sys- 
tem. This excludes microcysts in. the parenchyma 
due to chronic nephritis, hydrocalvx, tubercular 
cavities, Juxtacalvceal cysts associated with chronic 
pyelonephritis and ulcerating carcinoma. Excluded 
also are cysts due to parasitic disease. 

In a study of cysts of the kidney, noteworthy is 
the age at which the cyst appears, its histopathology, 
the extent of involvement of kidney substance, 
cortical or medullary location, the genetic or heredi- 
tary factors, the radiologic appearance, and whether 
the cyst is solitary or multiple, unilateral or bilateral. 
The following types are discussed: parapelvic; 
solitary; multiple; multicystic renal displasia: 
precalyceal tubular ectasia (this falls in a special 
category occurring in the young adult, rarely in 
children); hereditary renal polyevstic disease as 
opposed to bilateral polvevstic kidney of the adult 
(manifest at age of 40-50 years); and juvenile 
polycystic hepatorenal disease (a rare hereditary 
and possibly familial disease, in which marked 
enlargement of the liver, rather than kidney, is the 
dominant finding). 

The author appeals for more widespread case re- 
porting, uniformity of classification and nomencla- 
ture, with evaluation. of the clinical, radiologic, 
histopathologic and genetic factors. 

Twelve reproductions of photographs of anatomic 
specimens and roentgenograms accompany this 


article- riam H. Shehadi, M.D. 


Macep, Arv. Renal chyluria. Brit. ¥. Urol, 
Oct., 1967, 39, i55-3:9. (From: The De- 
partment of Urology, Faculty of Medicine, 
Ein Shams University, Egypt, U.A.R.) 


Twelve cases of unilateral renal chyluria are 
reviewed in this article from Egypt. Chyluria, or 
chyle in the urine, is due to a communication be. 
tween the intestinal lymphatics and the urinary 
tract. It may occur at any level in the urinary tract, 
but a renal site is most common and it is usually 
unilateral. The common form, parasitic chyluria, is 
due to the late effect of the filarial worm Wuchereria 
bancrofti infestation, although other co-existing 
parasites have been identified. Nonparasitic chyluria 
IS Tare. 

Except when excessive loss of fats results in general 
malnutrition, the usual case offers no threat to the 
general health. The milky urine observed by the 
patient may be constant in appearance or inter- 
mittent. Urinalysis reveals a high fat content and 
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red and white blood corpuscles as well as albumin, 
globulin and fibrinogen in the urine. The fibrinogen 
loss sometimes results in clot formation and subse- 
quent attacks of renal colic and obstruction. 

Eleven of the 12 cases presented were felt to be 
due to filarial infection, although no microfilariae 
were detected. Filariasis is endemic in Egypt and 
microscopic confirmation is often not considered. 
The other single case was due to involvement of 
abdominal and pelvic Iymphatics by metastatic 
prostatic carcinoma. 

The cases were evenly divided among the two 
sexes and the patients ranged in age from 27 to 
$9 years. Examination of the urinary tract revealed 
bilharzial calcification in the bladder wall in 3 cases. 
Intravenous pyelographic studies were normal. 
Retrograde pyelography performed in 11 cases re- 
vealed normal appearance in & cases, a filling defect 
in the upper pole calyces in 1 case and opacified 
lymphatic channels arising from the pyelocalyceal 
system in 2 cases. 

Treatment, consisting of fatty dietary restrictions 
in 1 case, instillation of 2 per cent silver nitrate solu- 
tion into the renal pelvis in 2 cases, and of 15 per 
cent sodium iodide in 1 case, was unsuccessful. Renal 
Ivmphangiectomy in ¢ cases resulted in reported cure 
without recurrence. Other surgical treatments in- 
cluded decapsulation, retroperitoneal lymphatic to 
spermatic vein shunt, and nephrectomy when the pa- 
tient’s general condition was threatened. Lymph- 
angiectomy although successful, theoretically de- 
prives the kidney of its lymphatics and therefore 
its safety valve, if lower tract obstruction. should 
develop. fohn T. Underberg, M.D. 


DaurREBANDE, Jacques, Duckerr, Guy, and 
Roy, PauL. Arteriography in renal tubercu- 
losis. 7. Canad. A. Radiologists, Sept., 1967, 
78, 382-388. (Address: Guy Duckett, M.D., 
Hôpital Jean-Talon, Montreal, Quebec, 
Canada.) 

The best method of angiographic evaluation of 
renal tuberculosis 1s by the selective renal arterio- 
graphic procedure. Early in the disease only small 
arterial strictures, dilatations and displacements 
are seen and these are nonspecific. Later when one 
or more calvceal groups are not visualized due to 
cicatricial stricture between calyces and renal 
pelvis, angiography is more valuable than urography 
in establishing a diagnosis. When the disease is 
advanced, angiography js confirmatory and often 
with nonvisualization is the only method of demon- 
strating the abnormalities. It is also particularly 
valuable in demonstrating parenchymal defects. 

The authors studied 10 cases and found a triad 
of signs on the angiogram which suggests tubercu- 
losis: (1) Signs of moderate hydronephrosis; (2) 
peripheral signs~-abnormalities of the small vessels 
accompanied by irregularities or thinning of the 


Vor. 102, No. 3 
cortex; and (3) a small kidney. Of the 10 cases, 6 
were proven and divided into two groups (one group 
in which one kidney was diseased entirely and an- 
other group in which the lesions were localized to 
one pole). In the arteriographic phase the primary 
and secondary arteries were diverging and elongated 
as in hydronephrosis, the more distal arteries being 
irregular, sparse and rigid; the peripheral arteries 
were moth-eaten and often have disappeared. In 
the nephrographic phase there were significant 
differences in the thickness of the cortex as in pvelo- 
nephritis. If the thinning was uniform as in hydro- 
nephrosis, the kidney was never large but was 
normal or small in size. 

Renal tuberculosis with ureteral involvement is 
the condition most likely to cause the triad. Other 
possibilities such as bacterial pyonephrosis, retro- 
peritoneal fibrosis, and ureteral tumor, should not 
be overlooked. The authors had 2 cases of low ure- 
teral carcinoma showing signs of hydronephrosis 
and a small kidney but no evidence or pyelonephri- 
tis. 

It is felt that the signs are due to a chronic process 
causing slow and progressive destruction of the renal 
parenchyma.— fames R. Stevenson, Major, MC 


Hamitron, R. W., and Swann, J. C. Corpus 
cavernosography in Pevronie's disease. Brit. 
F. Urol., Aug., 1967, 39, 409-414. (From: 
The Department of Urology and Radio- 
diagnosis, The London Hospital, E.1, Lon- 
don, England.) 


Six patients with Peyronie’s disease were studied 
by the roentgenographic technique of corpus 
cavernosography. This consisted of injection of a 
radiopaque medium (60 per cent urografin) into 
the corpora. The technique gives a 
objectively 
process. 

Five patients of the group received combined 
hydrocortisone and  hyalase injections without 
any evidence of improvement.-—Frank J. Kulbaskt, 
M.D. 


delineating the extent of the fibrotic 


Brown, Jorpan, 5$, Dupin, Lawrence, 
Becker, Mervin, and Horcnukiss, ROBERT 
S. Venography in the subfertile Du with 

'aricocele. J. Urol., Sept., 1967, 9, 358-392. 
(From: The New York University Medical 
Center, New York, N.Y.) 


Internal spermatic venography was performed at 
the time of varicocelectomy in 35 consecutive 
subfertile men. Twenty-seven of these had a left 
'aricocele, 4 had bilateral varicoceles and 4 did not 
have a definitive lesion but did have seminal ab- 
normality similar to that seen in patients with 
'aricocele. 


method of 
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While the patient was on the operating table 
prior to doing a high complete ligation of the internal 
spermatic venous system above the internal inguinal 
ring, a No. 16 catheter was introduced into the 
exposed internal spermatic vein in the direction of 
the renal vein and subsequently toward the testis. 
Radiopaque material was then instilled at a rate of 
4 to 6 cc. per minute under low pressure with the 
patient's head elevated at a 45° angle. Roentgeno- 
grams were obtained during the injection of the 
radiopaque material into the renal vein and also 
into the spermatic vein. 

The venograms were analyzed according to the 
following criteria: (1) appearance of the renal 
vein; (2) caliber of the internal spermatic vein; (3) 
existence of valvular deformities in the internal 
spermatic vein; (4) angle at which the internal sper- 
matic vein joins the renal vein; (5) presence of 
retrograde flow of radiopaque material down the 
internal spermatic vein; (6) appearance of cross 
collateral circulation between the 2 testes; and 
(7) termination of the right internal spermatic vein 
in patients with right varicoceles. 

The procedure was successful in 26 patients, 
partly successful in 7 patients and failed 1n 2 pa- 
tients. 

In the 4 subfertile men without varicoceles venog- 
raphv disclosed a left internal spermatic vein of 
normal caliber with a right angle termination into 
the renal vein and cut-off of radiopaque material 
prior to the junction of the renal vein with the infe- 
rior vena cava in all studies. In 3 of the 4, definite 
defects suggesting valves could be demonstrated in 
the course of the internal spermatic vein and there 
was cross collateral venous circulation, 

Of the 24 subfertile men with left varicocele, 20 
showed a dilated internal spermatic vein with valve- 
like appearances in only 4. Retrograde flow of the 
opaque material was noted in 11 and cross collateral 
circulation was present in g. Thirteen showed dilated 
renal veins and 17 showed termination of the renal 
vein prior to the junction with the inferior vena 
cava. 

In the subfertile men with bilateral varicoceles, 
valves were absent in all but one of the right internal 
spermatic veins and in all of the left internal sper- 
matic veins. Cross collateral circulation could be 
demonstrated in all cases. Retrograde flow of opaque 
material occurred in 2 patients and the right internal 
spermatic vein could be identified entering the right 
renal vein instead of the inferior vena cava in 2 
Instances. 

Venographic studies of this type indicate that 
varicocele 1s not a unilateral circulatory disturbance 
but is a potentially bilateral abnormality. 

The characteristic seminal abnormality in vari- 
cocele consists of an abnormal morphology with 
abundance of immature forms, and impairment in 
motility and to a lesser degree of depression in the 
sperm count. The most consistent and dramatic 


improvement postoperatively has been noted in 
sperm motility and this is probably the most im- 
portant parameter of fertility potential. The authors 
suspect that endocrine or toxic metabolic substances 
passing in the retrogressing blood from either the left 
kidney or adrenal gland into the circulation of both 
testes at abnormally high concentrations may be 
spermatocidal and result in impaired spermato- 
genesis. 

Six composite ilustrations are included in this 
article. George W. Chamberlin, M.D. 
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ONp, Yuraka, Akiyama, Hiroyuki Sur- 
MOMURA, YuraKa, Ono, Kerro, Hukupa, 
SINSUKE, and Mizuno, Syoraro. Posterior 
paravertebral ossification causing cervical 
myelopathy: a report of eighteen cases. 
J. Bone © Joint Surg., Oct, 1967, 494, 
1314-1328. (Address: Y. Onji, Nara Medical 
College Hospital, Nara-Ken, Japan.) 


Eighteen cases of cervical myelopathy are re- 
ported, due to posterior paravertebral ossification. 
These adult Japanese patients presented with symp- 
toms of numbness of the hands and/or gait disorder 
related to spasticity of the lower extremities. No 
evidence of hereditary or familial etiology was ob- 
tained. 

Roentgenographically the most characteristic 
feature of this type of spondylosis was dense ossifi- 
cation seen along the posterior longitudinal ligament 
extending from the first to the sixth cervical verte- 
bral segment. The ossification was usually located in 
the upper cervical region along the middle of the 
posterior wall of the cervical vertebrae and usually 
protruded into the spinal canal, more at the level 
of each disk space. The disk spaces were preserved. 
The remainder of the ligamentous structures in the 
cervical area were roentgenographically normal. 
Myelography showed narrowing of the spinal canal, 
particularly at the level corresponding to the most 


prominent part of the calcification. Severity of 


symptomatology appeared to be directly related to 
the quantity and extent of the ossification or calcifi- 
cation. Serum calcium and phosphorus levels in 
several patients were normal. Histologically the 


specimens obtained revealed different stages of 


ectopic bone formation from unorganized calcifica- 
tion to true bone. 

The majority of the patients required surgical 
decompression. In the authors’ material this disorder 
accounted for approximately 1.7 per cent of all of 
their patients presenting with cervical symptoms. 

The authors also discuss briefly other forms of 
cervical spondylosis and spondylitis and speculate as 
to the etiology of this paravertebral ossification.— 
E. F. Binet, M.D. 


Abstracts of Radiological Literature 


Marcu, 1968 


Dyinpyran, R., and Favre, C. Accidents 
medullaires de l'aortographie. (Spinal cord 
complications of aortography.) 7. belge de 
radiol, 1967, 50, 207-213. (Address: Dr. 
Djindjian, 16 rue de l'Université, Paris 
Vile, France.) 

A number of papers been published during the 
past decade on the risks and complications of 
thoraco-abdominal aortography, as well as on the 
toxic effect of contrast agents on nerve tissue. The 
incidence of reported complications varies between 
O.14 and o.$ per cent. 

The clinical manifestations of these complications 
are a sudden, usually irreversible flaccid paraplegia, 
preceded or accompanied by clonic contractions of 
the lower extremities. Extreme pain may be experi- 
enced by the patient if he 1s not anesthetized. There 
is loss of tendon and cutaneous (abdominal) reflexes, 
and of sphincteric control. The upper level of the 
paraplegia varies between D 8 and D 11. Death may 
result from urinary tract or pulmonary infection. 

The pathologic findings are those of myelomalacia, 
demyelinization of the white matter and necrosis of 
the grey substance, predominantly in the region of 
the anterior horns. The area involved is that supplied 
by the anterior spinal artery of Adamkiewicz. 

Injury to the cord 1s vascular in origin and may be 
due to: (a) ischemia—in translumbar aortograph v, 
injury to a vessel (subintimal or adventitial injec- 
tion) near the orifice of a vessel; or in retrograde aor- 
tography, ischemia due to a thrombotic or dissecting 
lesion near the orifice of a vessel; and (b) arterial 
spasm-—-mechanical irritation by a needle or catheter; 
or chemical irritation by the contrast agent, causing 
ischemia and resultant loss of oxygen to the nerve 
tissue, 

The least tolerated and most hazardous contrast 
agents are sodium acetrizoate and jodopyracet. The 
best tolerated are the diatrizoates--sodium, and the 
mixed sodium and methylglucamine. The increased 
tolerance of these new contrast agents by the kidneys 
and spinal cord accounts for the decreasing incidence 
of side reactions. Unfavorable reaction of the con- 
trast agents may be related to the concentration and 
amount of contrast agent introduced in the artery. 

With the patient in the decubitus position, there 
is better opacification of the arteries, since these 
arise from the posterior aspect of the aorta and their 
Alling is favored by the "groove" effect of the con- 
trast agent "settling" posteriorly, 

One table, 1 reproduction of a roentgenogram and 
an excellent bibliography accompany this article.— 
William H. Shehadi, M.D. 


ULricH, H. The remote effects of cancer on the 
nervous system: pathology. Proc. Ray. Soc. 
Med., July, 1967, 60, 690-692. (From: The 


e 


England.) 
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The pathology of the remote effects of malignant 
neoplasms on the nervous and muscular systems is as 
raried and complex as their clinical picture. Those 
involving the central and peripheral nervous sys- 
tems fall into four main groups: (1) degenerative, 
(2) demyelinating, (3) infammatory, and (4) ne- 
crotizing. 

Of the degenerative syndromes the subacute 
cerebellar degeneration is the best known. The 
lesions consist of extensive disintegration and dis- 
appearance of Purkinje cells in the cerebellar cor- 
tex, occasionally associated with degeneration of 
the posterior columns and spinocerebellar tracts. 

Not enough material has as yet been examined of 
the recently described syndrome resembling motor 
neurone disease. Of the 4 cases investigated so far 
only 1 resembled classic amyotrophic lateral sclerosis 
in that it showed severe degenerative changes both 
in the upper and the lower motor neurones, the latter 
largely confined to the lower brain stem and cervical 
cord. 

Demyelination in the central nervous system 
occurs in progressive multifocal leukoencepha- 
lopathy. The lesions consist of numerous small foci 
of demyelination with preservation of axons and 
nerve cells. 

The inflammatory neuropathies form a well- 
defined group of cases associated almost exclusively 
with oat cell carcinoma of the lung. The lesions occur 
in brain and cord, and consist of loss of neurones, 
focal and diffuse microglial activation, and intense 
lymphocytic infiltration of the perivascular spaces. 

Necrotizing lesions have been described previously 
only in the spinal cord. The foci of myelomalacia 
may be scattered or confluent, leading to massive 
softening of the spinal cord. 

Carcinomatous myopathies comprise three groups: 
(1) neurogenic, (2) degenerative, and (3) inflamma- 
tory. 

Denervation atrophy with its characteristic pat- 
tern of atrophy of some motor units and preservation 
of others is not a primary disease of muscle but a 
response to destruction of the lower motor neurone. 

The most common degenerative abnormality is 
severe atrophy of individual muscle fibers which is a 
nonspecific pattern and may occur in cachexia from 
any cause. The pattern becomes more significant 
when associated with other degenerative changes, 
such as vacuolation, hyalinization and necrosis of 
muscle fibers or the presence of regenerating fibers. 

Acute polymyositis and dermatomyositis repre- 
sent the inflammatory muscle diseases assoctated 
with malignant neoplasms, although only about 12 
per cent of reported cases occur in conjunction with 
cancer. The histologic appearances vary, but in their 
florid form are highly characteristic: extensive ne- 
crosis of muscle fibers, dense lymphocytic infiltration 
and a tendency to fibrous scarring. 

Electron microscopy of the lesions of progressive 
multifocal leukoencephalopathy reveals that the 
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changes in oligodendroglial nuclei are due to the 
presence of virus particles. The lesions of the in- 
flammatorv type of carcinomatous neuropathy 
closely resemble those seen in common virus infec- 
tions of the central nervous system. There is as yet 
no evidence to suggest that these lesions are due toa 
specific infection. 

Autoimmune or hypersensitivity mechanisms have 
been advocated in the pathogenesis of polymyositis 
and some forms of demyelinating neuropathy. The 
evidence is slender, but emphasizes the need for 
further immunologic studies. There are pointers to 
metabolic factors being responsible for some myop- 
athies. Further morphologic studies should be 
directed toward virologic, immunologic, and bio- 
chemical explorations.---Lors C. Collins, M.D. 


WirKkINSON, Marcia, and CRorr, P. B. The 
remote effects of cancer on the nervous 
system: incidence and classification; clinical 
syndromes. Proc. Roy. Soc. Med., July, 1967, 
60, 683-690. (From: The London Hospital 
Medical College, London, England.) 


Malignant neoplasms may, by remote effect of 
unknown mechanism, produce a variety of neurop- 
athies and myopathies. The incidence of such car- 
cinomatous neuromyopathy in patients with malig- 
nant disease has been shown by a previous study to 
be approximately 6 per cent, and of these approxi- 
mately 14 per cent occur in patients with carcinoma 
of the lung. The authors examined 1,465 patients 
with carcinoma of the lung, breast, ovary, uterus, 
cervix, prostate, stomach, colon and rectum. Al- 
though the incidence of neuromyopathy was con- 
siderably higher in patients with carcinoma of the 
lung than in all others, it was also high in patients 
with malignant disease of the ovary and stomach 
and relatively iow in patients with malignant disease 
of the rectum, cervix and uterus. In 200 patients of 
the same age group who did not have known malig- 
nant disease, neuromyopathy was found in only : 
per cent. 

Brain and Adams (1965) proposed a classification 
for carcinomatous neuromyopathy based on four ma- 
jot divisions: (1) encephalopathies, (2) myelopathies, 
(3) neuropathies, and (4) muscular disorders. The 
authors have divided the neuromyopathies into: (1) 
cerebellar degeneration, (2) myelopathy, (3) motor 
neurone type, (4) sensory neuropathy, (5) mixed 
peripheral neuropathy, (6) myopathy including 
myasthenia, and (7) neuromyopathy. They state 
that the neuromuscular disorders were by far the 
most common encountered in their series, but that 
exact classification was difficult because more than 
one part of the nervous system may be affected. The 
neurologic symptoms may develop either before, at 
the same time as, or after those of the neoplasm. 
The extent and severity of the neuromyopathy is 
independent of the size of the neoplasm. 


13% 


Multifocal leukoencephalopathy is a condition 
occurring most commonly as a complication of 
lymphomas and leukemias and the diagnosis has 
usually been made only after death. It develops on a 
background of chronic disease, is insidious in onset 
and progressive, leading to death in a few months. 
The signs and symptoms indicate asymmetric dis- 
ease of brain including mental disturbances, hemi- 
paresis, loss of vision, dysphagia and dysarthria. 

Diffuse polioencephalopathy may occur (1) with 
mental symptoms, either dementia or a fluctuating 
confusional psychosis, (2) with subacute cerebellar 
degeneration, which is uncommon but clinically 
very striking, or (3) with brain stem lesions which 
present a wide variety of signs and symptoms. 

The myelopathies are largely indistinguishable 
from those of classic motor neurone disease, but 
usually the course is more benign. In a patient with 
symptoms suggesting motor neurone disease, it is 
imperative to try to exclude malignant disease, and 
if a tumor is found, the presence of an apparently 
incurable neurologic disorder should not be regarded 
ag a contraindication to treatment of the carcinoma. 

Massive necrosis of the cord occurs very rarely, 
and when present, is usually characterized clinically 
by an ascending flaccid paraplegia. Sensory neurop- 
athy is also uncommon, is subacute in development 
and reaches a maximum in a few months following 
which it remains unchanged. The main disability 
ig a gross sensory ataxia, crippling in nature. Pe 
ripheral sensory motor neuropathy is much more 
common and affects mainly the lower limbs with 
some degree of weakness, peripheral impairment 
of sensation and diminished tendon reflexes. Car- 
cinoma of the lung accounts for about 50 per cent of 
the neuromyopathies of this type. 

The muscular disorders consist of polymyopathy, 
myasthenia, dermatomyositis and endocrine dis- 
orders including ectopic ACTH syndrome, hypo- 
natremia, hypercalcemia, hypoglycemia and car- 
cinoid syndrome. 

Pathogenesis of these syndromes remains obscure. 
In the endocrine disturbances there is good evidence 
that the tumor secretes a substance with biochemical 
activity resembling naturally occurring hormones. 
In progressive multifocal leukoencephalopathy, evi- 
dence of a virus infection is accumulating. In other 
forms of neuropathy an immune process has been 
suspected. Biochemical disturbances have been found 
in many of the patients. It seems probable that the 
diverse remote effects produced by carcinoma are 
not the result of a single pathologic process.— 
Lois C. Collins, M.D. 


Dr Curro, GIOVANNI, DOPPMAN, Jonn, and 
OMMAYA, ÁvuB K. Selective arteriography 
of arteriovenous aneurysms of spinal cord. 
Radiology, June, 1967, 88, 1065-1077. (Ad- 
dress: National Institute of Neurological 
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Disease and Blindness, 
20014.) 


Bethesda, Md. 


Myelography is not entirely satisfactory for the 
preoperative diagnosis of spinal cord vascular mal- 
formations since linear, serpiginous filling defects 
demonstrated by myelography are by no means con- 
stant or pathognomonic findings. In addition 
myelography may lead to false positive diagnoses 
such as in cases of tumor or other lesions with di- 
lated vessels. Prompted by the diagnostic inade- 
quacy of myelography, the authors initiated & com- 
mendable systematic angiographic study of spinal 
cord vascular malformations. The present report 1s 
based on the first 8 fully investigated cases. 

A knowledge of the normal anatomy of the spinal 
cord vasculature is indispensable for an understand- 
ing of the pathologic anatomy of the lesions. The 
arterial supply of the spinal cord may be divided 
into two markedly different systems, the anterior 
and posterior. The anterior arterial chain, or anterior 
median spinal artery begins at the junction of the 
two anterior spinal branches of the vertebral arteries 
and extends downward along the entire anterior 
surface of the spinal cord to the filum terminale. 
Additional important contributions to the anterior 
chain, via anterior radicular arteries, occur in each 
region of the cord. For the cervical area, the ante- 
rior radicular branches originate from spinal 
branches of the cervical vertebral artery, while in the 
upper and middle thoracic cord they originate from 
spinal rami of the superior intercostal and aortic 
intercostal arteries. The lower thoracic and lumbar 
area is supplied by the great anterior radicular or 
great anterior medullary artery or artery of Adam- 
kiewicz. This important artery may vary in origin 
from the spinal branches of the eighth intercostal to 
the fourth lumbar. The course of this artery is in- 
teresting in that, after a long course upward, it 
reaches the anterior aspect of the spinal cord, always 
above the lumbar enlargement. The vessel then 
divides into a thin ascending branch and a much 
larger descending branch which swings with a sharp 
“hairpin” bend to course downward on the midline. 
This last feature is clearly evident and distinctive 
on the angiographic illustrations. Actually, all the 
radicular arteries, except the anterior spinal rami 
from the vertebral arteries, behave like the artery 
of Adamkiewicz. This anterior arterial system sup- 
plies a two-third cross sectional area of the cord, 
including the corticospinal tracts. 

The posterior spinal cord arterial system consists 
of two plexiform channels which course along each 
posterolateral surface of the cord and supply the 
posterior columns and posterior horns. These arteries 
originate from the posterior spinal rami of the pos- 
tero-inferior cerebellar arteries as well as from the 
posterior radicular branches of the same spinal 
arteries from which the anterior radicular branches 
arise. This posterior system retains, to a large degree, 
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an embryonic plexiform pattern which covers the 
posterior cord surface like a net, and anastomoses 
between the posterior and anterior spinal arterial 
chains are abundant. 

The suggested radiographic steps in studying 
such malformations, as derived from this study, 
are indicated in tabular form and carefully dis- 
cussed. Essentially, the sequential approach should 
be plain roentgenography, then opaque myelog- 
raphy followed by angiography. The plain roentgen- 
ograms have not been contributory in the authors’ 
series, to date. lodophendylate mvelography should 
be carried out with large amounts of contrast 
medium, 12 ce. or more, and prone and supine spot 
roentgenograms should be taken along with lateral 
cross table roentgenograms. Proper angiographic 
approach is essential for correct localization. and 
consists of (a) preliminary mid-stream aortic injec- 
tion to identify the approximate origin and possible 
multiplicity of contributing vessels, and (b) selective 
catheterization of each feeder to pinpoint the level 
of spinal entrance, to confirm the multipheity of 
feeders, and to determine the relationship of the 
malformation to the cord itself. All studies are per- 
formed under local anesthesia. The technical aspect 
of catheterization is presented in detail along with 
the various contrast media emploved with emphasis 
on the use of a methylglucamine salt for selective 
injection because of its low neurotoxicity. 

The results of this study show that in over half 
the cases there was a single arterial feeder, generally 
entering at the upper segment of the vascular lesion. 
A mid.stream injection, unless it 1s close to the area 
of origin of the feeder, is unlikely to opacify the 
malformation. Therefore, proper placement of the 
catheter, based on vascular anatomy, is essential. 
No significant complication of angiography was 
noted, although 7 of the & patients experienced 
mild-to-severe spasms of the trunk and lower ex- 
tremities with aortography, and 1 of the 7 showed 
a temporary deterioration of cord function as 
evaluated by postangiographic muscle testing. Ít is 
interesting that the selective injections never pro- 
duced lower trunk or leg spasm. 

The authors conclude that selective arteriography 
of arteriovenous aneurysms of the spinal cord is the 
method of choice to show the vessels feeding the 
malformation, and this demonstration is an indis- 
pensable preliminary step if surgical ligation of 
feeders is contemplated.-~ Edward B. Best, M.D. 


Baker, HiLLER L., Jr, Love, J. GRAFTON, and 
Layron, Dowuarp D., Jr. Angiographic and 
surgical aspects of spinal cord vascular anom- 
alies. Radiology, June, 1967, óS$, 107%- 
108;. (Address: Mayo Clinic, Rochester, 
Minn. $5901.) 

The authors report a group of 13 patients 
studied, to demonstrate the presence of a vascular 
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anomalv of the spinal cord, with the purpose of 
encouraging more wide-spread use of angiography 
and surgery in the management of spinal cord vas- 
cular abnormalities. This group was composed of 8 
males and $ females, ranging in age from 10 to 62 
vears. All had experienced. progressive back pain 
and weakness in the legs for a number of months or 
years. The neurologic examination revealed the 
presence of upper motor neuron signs and a sensory 
level in all patients; the spinal fluid protein was ele- 
vated in all cases in which it was measured. 

The radiologic investigation consisted of plain 
roentgenography followed by positive contrast 
myelography and subsequent angiography. Although 
plain roentgenograms gave little information, an 
abnormal myelogram was obtained in each patient 
and the findings led to angiography in all. The tvpi- 
cal mvelographic features of a vascular abnormality, 
media outlining abnormal vessels with partial or 
complete obstruction, were present in 11 cases, while 
the other 2 showed only obstruction in the lumbar 
region attributed to arachnoiditis. The angiography 
consisted of mid-stream catheter aortography with 
the tip of the catheter at the T 6 to T 8 level since 
the spinal cord was involved in the thoracic or lum- 
bar region in all patients. Early in this study the 
catheter tip was positioned in the aortic arch but it 
was soon apparent that this location of the catheter 
tip produced poor visualization of the intercostal 
arteries. The authors recommend rapid serial studies 
in the anteroposterior and left posterior oblique 
position and subtraction techniques must be em- 
ployed in the analysis of the films since some of the 
abnormal vessels are extremely tiny and otherwise 
might be ignored. 

The authors’ angiographic findings are quite in- 
teresting in that 3 distinct angiographic patterns 
were discernible and are designated as Type 1, m, 
and wt. The ditferentiation of these patterns is of 
considerable importance because of the therapeutic 
and prognostic implications. 

A Type 1 pattern was obtained in 3 patients and 
consisted of 1 or 2 dilated intercostal arteries, of 5 
to 10 mm. in diameter, supplying the posterior 
radicular branch. Although the intraspinal arterial 
component was insignificant, there was prompt 
opacification of huge intraspinous venous channels 
which constituted 8o to 90 per cent of the vessel 
bulk in the vascular anomaly. Drainage was through 
multiple dilated radicular veins into the azvgos and 
hemiazygos veins. 

In 7 patients a Type u pattern was seen which 
consisted of 3 to § abnormal intercostal and radicular 
arteries which never measured more than 3 mm. in 
diameter. They could be traced into the spinal canal, 
and along its length for 1 to ¢ segments, where they 
joined in a "tuft"-like arterial network which was 
the main portion of the vascular anomaly. Invari- 
ably one feeding vessel was situated above and one 
below the arterial “tuft” with the others joining at 
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intermediate levels. Venous filling was delayed and 
the veins constituted less than £o per cent of the 
anomaly. 

The Type mi arteriographic pattern was observed 
in only 1 case and was identical to that seen in Type 
Ir except that no veins were apparent at any time. 
This patient returned one year later, having pre- 
viously refused surgical exploration, and at this 
time erosion of the lower dorsal vertebral bodies was 
evident. An ependymoma of the cauda equina was 
found at operation. 

Eight patients who did not have severe long- 
standing and irreversible neurologic damage con- 
sented to surgery. The 3 patients in whom Type i 
angiographic patterns were found made remarkable 
recoveries. The other § patients, with Type 11 angio- 
graphic patterns, had less striking results and all 
were the same or only slightly improved in the im- 
mediate postoperative period. However, improve- 
ment has continued in these patients although many 
still have significant neurologic deficit. [t is inter- 
esting that not one patient had deterioration in 
neurologic status 1n the postoperative period. 

The authors conclude that catheter aortography, 
for suspected dorsal and lumbar vascular abnor- 
malities, or retrograde brachial arteriography for 
cervical lesions, are the methods of choice for evalu- 
ating these lesions. Cine angiography will generally 
not depict small size vessels, while selective injec- 
tion of one or several intercostal trunks increases the 
possibility of overlooking additional feeding vessels. 
The use of subtraction techniques in the routine 
roentgenographic analysis is essential in all cases and 
recognition of the distinctive angiographic pattern 
Is of some prognostic importance. From the surgical 
point of view, the thoracic and intraspinal ap- 
proaches to the abnormal feeding arteries are 
equally sound, but the intraspinal operation offers 
the additional advantage of direct inspection of the 
lesion and decompression of the subarachnoid space, 


if necessary.— Edward B. Best, M.D. 
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Harris, D. Kenwin, and ApaMs, W. G. F. 
Acro-osteolysis occurring in men engaged in 
the polymerization of vinyl chloride. Bri. 
M. F., Sept. 16, 1967, 2, 712-714. (From: 
Northern Hospital, Liverpool, England.) 


Two cases of acro-osteolysis in men engaged in 
the polymerization of vinyl chloride are described. 
The bones affected were the terminal phalanges of 
the fingers and the sacroiliac joints, but in one case 
the patella and in the other the phalanges of the feet 
were involved. The condition was accompanied by 
Raynaud’s phenomenon and skin lesions. 

Roentgenologically there were erosions of the 
phalanges, disruption of proximal interphalangeal 
joints, and cystic widening of the sacroiliac joints. 
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Laboratory tests were essentially unremarkable. 
The authors discuss the possible relationship to 
the collagen diseases, but they conclude that the 


condition is probably self-limiting.—Arch H. Hall, 
ALD. 


Barsky, AmrHUR J. Macrodactyly. ¥. Bone 
C Joint Surg., Oct., 1967, 49.4, 1255-1266. 
(Address: Albert Einstein College of Medi- 
cine, 1825 Eastchester Road, Bronx, N.Y. 
10461.) 


Macrodactyly is a congenital increase of al 
tissue elements of a digit which may occur in any 
locational combination, but the metacarpals are 
spared. Based on these criteria £6 cases were de- 
scribed previously in the literature; this report 
consists of 8 cases. 

There are two forms of macrodactylv: (1) static, 
in which enlargement is present at birth and size in- 
crease with growth 1s proportional; and (2) true, in 
which growth occurs in a disproportionate fashion 
and is associated with an overgrowth of fatty tissue 
in the hand and forearm. 

The author discusses possible etiologic factors and 
describes methods of management of the macro- 
dactyly and associated deformities of syndactyly 
and curvatures.—/7. D. Davidson, M.D. 


Jones, J. VERRIER, and Reep, Mervyn F. 
Paget's disease: a family with six cases. 
Brit. M. T., Oct. 14, 1967, 2, 90-91. (Address: 
J. Verrier Jones, Senior Medical Registrar, 
Bristol General Hospital, Bristol, England.) 


This article records an English family in which 6 
cases of Paget's disease have occurred in 3 genera- 
tions. 

Nine family members examined have no clinical 
evidence of the disease and their bone roentgeno- 
grams (hmited to the pelvis and tibiae) and alkaline 
phosphatase are normal. Six of the 9 unaffected 
members, however, are between the ages of 17 and 
29 years. It is expected that several of these will 
develop the disease in the fifth decade of life which is 
the average age of onset of the disease in this family. 

A genealogic diagram and a table containing de- 
tails of the individual members are presented. A 
bibliography stressing familial and hereditary aspects 
of Paget's disease is also appended.-——£Everet/ H. 
Tohnston, M.D. 


Specat, Eimer E. Rickets following uretero- 


sigmoidostomy and chronic hyperchloremia: 
a case report. F. Bone & Joint Surg., Oct., 


Balboa Heights, Canal Zone coron.) 


Ureterosigmoidostomy is a fairly common opera- 
tion, frequently performed in children for exstrophv 
of the bladder. 
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Hyperchloremic acidosis is a frequent complica- 
tion following this surgery, but rickets as a further 
consequence is rare. 

The author reports a child with exstrophy who 
had surgery at 2 years of age, bilateral uretero- 
sigmoidostomy being performed. He was next seen 
by the author 9 years later. In the interim, he had 
not had good medical attention. On examination, he 
was seen to be small and underdeveloped. He had 
marked bilateral coxa vara, and striking bowing of 
both legs. Both wrists were broadened. Rachitic 
rosary and increased anteroposterior diameter of the 
thorax were noted. The exstrophy of the bladder 
was still present. 

Initial laboratory studies demonstrated a hvper- 

chloremic acidosis and, following treatment, includ- 
ing vitamin D administration and alcol ation 
therapy, the blood chemistry levels responded well. 

Roentgenograms demonstrated severe rickets, 
which healed progressively during therapy. The 
patient had surgery for correction of valgus de- 
formities of the femora and repair of the bladder 
exstrophy. 

Follow-up study for over 2 years showed no recur- 
rence of rickets either roentgenographically or 
histologically, despite the fact that the treatment 
was somewhat erratic. Serum chloride levels have 
been found to be elevated when medication has not 
been taken. Recent treatment included only alka- 
linizing therapy without vitamin D administration. 
This has seemed to control the condition. satis- 
factorily.—George L. Sackett, M.D. 


Mitter, Barry, MamkHgiM, Herserr H., 
and Towspin, Mikron N. Multiple stress 
fractures in rheumatoid arthritis: a case re- 
port. Y. Bone & Joint Surg., Oct., 1967, 
4944, 1408-1414. (Address: B. Miller, Hon- 
cho, Koganei-shi, Tokyo, Japan.) 


The authors report a patient with severe rheu- 
matoid arthritis who had a total of 9 stress fractures 
involving the lower extremities extending over a 7 
year period. The patient had been on long term 
corticosteroid therapy. Her bones were markedly 
osteoporotic. 

Stress fractures are not often reported in rheu- 
matoid arthritis. The authors wonder whether this 
is due to the fact that they are rare, or whether they 
are not recognized and the pain is attributed to the 
underlying rheumatoid arthritis. 

They review the literature on this subject and 
point out that the occurrence of stress fractures in 
patients with chronic arthritis has increased con- 
siderably since the introduction of steroid therapy.— 


George L. Sac kett, M.D. 


Kine, Joe W., Spyur, Harkan J., FECHNER, 
Roperr E., and Vanperpoor, Don W. 
Synovial chondrosarcoma of the knee joint. 
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F. Bone & Joint Surg., Oct., 1967, 494, 
1389-1396. (Address: J. W. King, Depart- 
ment of Patholo ogy, Texas Medical Center, 
Houston, Texas 77025.) 


This is a case report of a 43 year old man who 
had had painful swelling of the knee treated for 5 
years. Initially, in December 1960, the symptoms 
were of painful swelling and the roentgenographic 
examination was normal. In May 1961, there were 
symptoms suggestive of a tear of the medial menis- 
cus. At surgery, there was considerable fluid with 
numerous tiny cartilaginous appearing fragments. 
The pathologic diagnosis was synovial osteochon- 
dromatosis. Following this, the patient received 
radiotherapy to the knee. Pain and decreased motion 
became worse gradually. Roentgenograms in 1962 
and 1963 showed calcified masses suggestive of osteo- 
chondromatosis. By 1966, these masses appeared 
more confluent and larger. There was no definite 
bone destruction. Surgery was performed at this 
time and following a pathologic diagnosis of synovial 
chondrosarcoma, an amputation was carried out. 

Comparison of the histologic specimens of the 
operations in 1961 and 1966 showed many similari- 
ties in atypical cells which lead the authors to believe 
that the tumor was probably present originally and 
that the slow growth was characteristic of à tumor 
arising from the synovium. 

The possibility of a change arising from the radia- 
tion therapy is also discussed.—George L. Sackett, 


M.D. 


Gorron, J. P., and Trueman, G. E. Unilateral 
idiopathic osteoarthritis of the hip. Canad. 
M. A. TY, Nov. 4, 1967, 97, 1129-1132. 
(Address: J. P. Gofton, M.D., Suite 10, 
:780 Cambie Street, Vancouver 15, British 
Columbia, Canada.) 


Primary osteoarthritis of the hip has been found 
in 3.4 per cent of persons over the age of 55 years. 
In two-thirds of these, the disease was unilateral. 
In patients studied for several years the unilateral 
form of primary osteoarthritis did not often progress 
to bilateral disease. 

Primary osteoarthritis of the hip is classified ac- 
cording to the pattern of damage as follows: Medial- 
central or medial degeneration and narrowing; 
lateral narrowing of the superolateral area of the 
joint with or without minor subluxation; and mixed 
(not clearly medial or lateral), usually representing 
far advanced disease. The medial form of primary 
osteoarthritis in the majority of patients is found 1n 
both hips, while the lateral form is commonly limited 
to one hip. The lateral form is found in approxi- 
mately 2 per cent of the population over the age of 

ss years and may be a discrete form of degenerative 


disease. 
It is generally assumed that the leg on the osteo- 
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arthritic side is shorter than the normal leg. The 
purpose of this paper is to demonstrate that this 
assumption is unfounded. The leg on the diseased 
side is, in fact, longer than the normal leg. The 
authors believe that this disparity contributes to 
the development of the disease. 

The legs are measured roentgenographically with 
the patient standing on a level platform. Roentgeno- 
grams are made with the tube centered over the hip 
joints. The difference in height of the femoral heads 
is measured from a horizontal reference line. This was 
done in 14 patients with unilateral osteoarthritis of 
the “lateral type.” Leg lengths were unequal in all 
14 patients. In every instance the leg on the diseased 
side was longer. In a few additional patients with 
mixed or central osteoarthritis, no clear-cut associa- 
ton was evident between the site of disease and a 
long leg. In 4 patients the difference in length of the 
diseased leg and the normal leg was less than + of an 
inch. As it is clear from the examination of the 
roentgenogram of a diseased hip that the disease has 
produced shortening, the original leg length disparity 
must therefore have been greater. Án attempt was 
made to estimate the amount of shortening produced 
by the degenerative process. The width of the articu- 
lar cartilage could be measured in the normal hip. 
This usually amounted to approximately } inch. 
Comparison between the normal and diseased 
femoral heads allowed one to make an estimate of 
the amount of flattening. When these factors were 
taken into consideration, an original leg length differ- 
ence was calculated. Of 14 patients with unilateral 
osteoarthritis 10 were considered to have an original 
leg length disparity greater than 4 inch. 

Study of data of differences in leg length in the 
general population indicates that it is reasonable to 
postulate that no more than 15$ per cent of the general 
population has a leg length disparity exceeding $ 
inch. The finding of a disparity of this magnitude in 
either leg of 14 patients with unilateral osteoarth- 
ritis represents a very high incidence. This observa- 
tion is meaningful because in all 14 patients the 
longer leg was on the diseased side. It is thus con- 
ceivable that the difference in leg length may have 
predisposed to the disease; i.c., that the involved leg 
was originally longer than the uninvolved one. 

A man with a leg length difference of + inch stands 
with a pelvic tilt of approximately 4 degrees. The 
pelvis 1s, therefore, adducted towards the long leg 
and abducted from the short one. Thus the hip on the 
side of the long leg is subjected to a greater stress 
than normally, while that on the short side is com- 
parably spared. It is postulated that the cumulative 
effect of this increased stress on the hip of the long 

leg may be an important factor in the breaking down 
of joint cartilage and the degenerative changes which 
follow. 

A minor degree of lateral subluxation of the 
femoral head 1s commonly seen in the lateral form of 
osteoarthritis. The pelvic adduction produced by a 
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long leg would seem to favor lateral subluxation of 
the femoral head. It is reasonable to suspect that this 
minor subluxation is a secondary phenomenon. 

Patients with a leg length difference of 1— inch 
are usually unaware of it. However, many develop a 
syndrome of pain in the buttocks, thigh, sometimes 
in the low back and occasionally in the calf. A large 
part of this distress is located at the insertion of the 
abductor muscles into the greater trochanter on the 
long leg side, suggesting that these muscles, as well 
as the hip are subjected to increased stress. 

One of the most effective treatments for the relief 
of pain in the unilateral idiopathic osteoarthritis of 
the hip 1s a subtrochanteric osteotomy. This opera- 
tion has numerous modifications. It is not clear how 
this operation relieves the pain of an osteoarthritic 
hip. Because most osteotomies shorten the leg, this 
factor alone may explain the relief of pain which in 
some instances follows this procedure—David 
Morse, M.D. 


LANGENSKIÖLD, A., and Risxa, E. B. Haema- 
togenous Salmonella infection around a 
metal hip endoprosthesis. Acta orthop. scan- 
dinav., 1967, 38, 220-225. (From: The 
Orthopaedic Hospital of the Invalid Founda- 
tion, Helsinki, Finland.) 


Infection occurring around a metal endoprosthesis 
is usually the result of inoculation of bacteria during 
surgery. However, in infections occurring several 
months to a few years later, it can seldom be proved 
whether inoculation took place at operation or not. 

In the present case report, a Salmonella Newport 
infection arose around a Thompson type vitallium 
endoprosthesis 34 years postimplantation for post. 
traumatic necrosis of the head of a femur. The 
signs of inflammation led to a hip joint tap from 
which the above named organism was cultured. 
It was felt that this had to be a hematogenous spread 
of infection, as the inflammatory process could be 
correlated with a gastrointestinal infection of an 
undefined nature which the patient had had in a 
Mediterranean country 1 month earlier, and this 
bacillus had not been cultured from any patient in 
Finland until it was cultured from this patient in 
1963. It is therefore considered quite unlikely that 
the organisms were inoculated at the time of surgery 
in 1959. Intensive conservative therapy failed and 
the endoprosthesis was ultimately removed. 

The question is raised whether there is a greater 
nsk of hematogenous infection in tissues situated 
close to a metal implant than in other parts of the 
body. Certainly, the insertion of an endoprosthesis 
in a formerly infected area carries a risk of the flare- 
up of the infection. It 1s suggested that the possi- 
bility of hematogenous infection around large metal 
implants might deserve special prophylactic mea- 
sures when there is a risk of bacteremia from general 
or local infections.—Donald M. Monson, M.D. 
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Korán, Jaromir, VganEc, Rapko, and CHYBA, 
y Yy , 5 s . ‘ > $ 
Jiri. Arthropathies after irradiation. J. 
Bone © Joint Surg., Sept, 1967, god, 
1157-1166. (Address: Dr. Jaromir Kolář, 
Radiological Clinic, Charles University, 
Prague 2, U nemocnice 2, Czechoslovakia.) 


Radiation induced arthropathies were observed 
in 36 of 468 patients who developed osteodysplasia 
following therapeutic irradiation and 18 of 78 persons 
with radiation damage to the skin of the hands sus- 
tained 1n connection with their profession. 

The depth dose to the joint necessary to produce 
changes is 2,800 rads or more with the 140 to 200 kv. 
apparatus. In the professional group the dose could 
not be estimated, but symptoms usually occurred in 
the average of 22 elapsed vears after the start of 
exposure. 

The main changes are: degenerative arthrosis, 
inflammatory arthritis and ankylosis. Degenerative 
arthropathy was found to be the most common. 

The roentgenographic course was similar to that of 
other tvpes of degenerative arthritis but rapidly 
progressive. The basis of these changes was degenera- 
tion and necrosis that developed in the Joint struc- 
tures and adjacent bones. Secondary septic arthritis 
occurred in some patients due to invasion by bacteria 
of low virulence resulting in ankylosis or amputa- 
tion. 

The joint must be considered to be radiosensitive. 
Unnecessary irradiation with too high doses should 
be avoided as low resistance after radiation damage 
may lead to serious infectious complication.— 
Sumalee Chandaragga, M.D. 


Earon, George O. Long-term results of treat- 
ment in coxa plana: a follow-up study of 
eighty-eight patients. 7. Bonet? Fornt Surg., 
Sept., 1967, 49/1, 1031-1042. (Address: 4 
East Madison Street, Baltimore, Md. 21202.) 


Fighty-eight patients with 100. hips of coxa 
plana were checked after treatment, the average 
follow-up being 19 vears. All patients were examined 
by the author, had roentgenograms taken that were 
critically classified as to the results, including pain, 
motion and roentgen findings. 

Three patients had arthrodesis, 37, 30 and 34 
vears after onset. Most patients were hospitalized 
until there was roentgen evidence of beginning re- 
generation of the head, and then they were fitted 
with an ischial caliber brace and high-shoe on the 
46 per cent, good in 18 per cent, fair in 17 per cent 
and poor in 1g per cent. 

The author found that the younger the patient at 
the onset, the better the prognosis. The time lapse 
between onset of the symptoms and treatment did 
not appreciably influence the results. Patients with 
less than 6 months bed-rest had the lowest per- 
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centage of good results but, converselv, prolonged 
bed-rest did not insure good results (13 of 18 patients 
treated by none or less than 6 months of bed-rest 
had excellent or good results). The severity of symp- 
toms and findings at onset did not correlate with the 
final results. With bilateral disease (24 hips), the 
result was usually the same in each hip and 18 of the 
24 gave good or excellent results on follow-up exam- 
ination. The disability and symptoms did not appear 
to progress in the 20 and 30 year follow-up studies. 

'The outcome of treatment could not be predicted 
but conservative recumbent treatment gave a high 
percentage of good or excellent results. Martha E. 


Mottram, M.D. 


MirCHELL, GEORGE E., Lourte, HERBERT, and 
Berne, ALFRED S, The various causes of 
scalloped vertebrae with notes on their 
pathogenesis. Radiology. July, 1967, So, 67- 
74. (Address: 736 Irving Avenue, Syracuse, 
N. Y. 13210.) 


A normal slight concavity of the dorsal surface of 
vertebral bodies exists and “scalloping” is an m- 
crease of this concavity. 

The authors classify scalloping according to 
pathogenic mechanisms which cause alteration of 
bone: (1) increased intraspinal pressure localized or 
generalized, (2) dural ectasia, (3) small spinal canal, 
(4) congenital skeletal disorders, and (5) normal 
variants. "Hemi-scalloping" may occur from pres- 
sure on a single pedicle. 

Normal variants of physiologic scalloping tend to 
occur in the lumbar area and pathologic scalloping 
elsewhere. 

Tumors and cysts usually produce widening of 
interpediculate distance first and scalloping later 
due to protection of the vertebrae by the dorsal 
longitudinal and annular ligaments. Scalloping is 
most apt to occur with large slow growing lesions in 
the caudal portion of the spinal canal during active 
growth. 

Dual ectasia is due to loss of intact strong dura 
from such as seen in the Ehlers-Danlos syndrome. 

Bone dysplasia causes a small spinal canal and 
scalloping appears usually in the lumbar area. 

The mechanism of scalloping in congenital skel- 
etal disorders, as Morquio’s disease and Hunter- 
Hurler syndrome, is uncertain but it may be that 
the vertebrae are unable to withstand even the 
normal dural pulsations over the posterior surfaces. 
Both are known to involve inborn disorders of 
mucopolysaccharide metabolism.—C. T. Edmond- 


son, M.D. 


Dorv, Donato B., Treiman, Ricuarp L., 
Roruscuitp, Parure D., and Gasper, Max 
R. Prevention of gangrene due to fractures. 
Surg., Gynec. & Obst., Aug., 1967, 725, 284- 
288. (From: The Vascular Surgery Service 
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of the University of Southern California 
School of Medicine, Los Angeles County 
Hospital, Los Angeles, Calif.) 


There does not seem to be a general appreciation 
of the fact that gangrene develops in nearly all pa- 
tients with a fracture which produces major arterial 
trauma, if that arterial trauma is not corrected. 
Gangrene develops from almost all posterior dis- 
locations of the knee if arterial exploration is not 
performed. Amputation is the end result in nearly 
all of these patients. 

It is axiomatic that the possibility of arterial in- 
jury must be suspected to initiate proper therapy. 
The popliteal, brachial and femoral arteries were 
most frequently injured in a series reviewed at the 
Los Angeles County Hospital in the years from 
1948 to 1963. A high index of suspicion must be 
directed to those sites of the body where large 
arteries are in close proximity to bone. These 
vessels include the subclavian artery beneath the 
clavicle, the brachial artery adjacent to the shaft 
and supracondylar portion of the humerus, the 
femoral artery near the shaft of the femur, and, in 
particular, the popliteal artery. If there is the least 
doubt concerning the continuity of the arterial sys- 
tem of an extremity, arteriography should be per- 
formed. Preferably, the arteriography should be 
carried out before reduction of the fracture or dis- 
location. A diagnosis of arterial spasm demands 
that the surgeon prove arterial patency. When 
obstruction, spasm, or sharp angulation of the 
artery is seen on the arteriogram, exploration of the 
artery is mandatory. 

Once arterial continuity has been restored, periph- 
eral pulses must be carefully evaluated together 
with color, temperature and capillary filling of the 
hand or foot. If the peripheral pulse is not present at 
the completion of the operation, or if the pulse later 
disappears, or 1f signs of ischemia develop, patency 
of the arterial system must be demonstrated by 
arteriography. Failure to demonstrate patency de- 
mands re-exploration. This is mandatory if gangrene 
and limb loss are to be prevented. 

In summary, observance of the following prin- 
ciples will prevent the unwarranted loss of limb: a 
high index of suspicion and prompt recognition of 
arterial injuries in fractures and dislocations, par- 
ticularly those about the knee; rejection of the con- 
cept of arterial spasm; prompt arteriography with 
critical interpretation, particularly of spasm; prompt 
exploration of the involved arteries; precise repair 
of the injured vessel; proximal and distal throm- 
bectomy with the Fogarty embolectomy catheter; 
postoperative arteriography; and prompt reopera- 
tion in all patients in whom arterial insufficiency re- 
curs after arterial repair.—Doug/as S. Kellogg, M.D. 


AsrLEY, R. Arthrography in congenital dislo- 
cation of the hip. Clin. Radiol., July, 1967, 
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78, 253-260. (From: The Children’s Hospi- 
tal, Birmingham, England.) 


The major cause of obstruction in congenital hip 
dislocation is inversion of the fibro-cartilaginous rim 
of the acetabular fossa—the labrum or limbus. 
Arthrography is a useful aid, because it indicates the 
type of case in which open reduction may be advis- 
able. The earlier the diagnosis of congenital dis- 
location is made, the greater is the possibility of a 
good reduction. 

The examination is carried out under a general 
anesthesia. The “frog position’ with the thighs 
abducted to a right angle is preferable for the in- 
jection. Following the preliminary roentgenogram, a 
lumbar puncture needle is introduced under the 
adductor tendons and directed more or less hori- 
zontally in a cranial direction, using momentary 
fluoroscopy to check the needle’s position in relation 
to the femoral neck, or quite close to the head. 
Following attainment of the correct position, a 
small amount of dilute contrast material such as 25 
per cent hypaque is injected. This quickly flows 
around the periphery of the joint. Filling must be 
good but not so dense that filling defects, mainly 
anteriorly and posteriorly, are obscured. If there is 
already plaster-fixation, an anteroposterior roentgen- 
ogram in the “frog position” plus a slightly oblique 
roentgenogram may be all that can be taken. If no 
fixation ig present, roentgenograms in internal rota- 
tion, the neutral position, external rotation and in 
abduction may be made. 

Within the main mass of contrast medium a 
translucent area indicates the cartilage of the 
femoral head, around its ossification center. In the 
normal infant there is a roughly triangular filling 
defect at the outer lip of the acetabulum—the 
fibrocartilaginous rim of the cavity, this being the 
normal glenoid labrium or limbus. Occasionally 
eccentric ossification of the femoral head may give 
a false impression of displacement, but the true 
position can be readily demonstrated by arthrog- 
raphy. 

Where an inverted limbus is present with a non- 
teduced dislocation, on arthrographic examination 
the capsule is visualized as a bilocular or hour glass 
shape, with one loculus around the head and one in 
the acetabulum. The upper part of the constriction 
between the two loculi is due to the inverted limbus. 
Where the femoral head is in more nearly correct 
position the inverted limbus appears flatter and as a 
narrow V-shaped filing defect between the trans- 
lucent cartilaginous head and the acetabular roof. 

In some cases the inverted limbus atrophies 
following conservative treatment and open reduc- 
tion is not necessary. Most of the author's cases 
were first diagnosed between the ages of I and 2 
years. In view of the fact that emphasis is now on 
the diagnosis of congenital dislocation in the new- 
born period, the need for arthrography will diminish 
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but may still be required for the occasional case, 
particularly when diagnosed in older children.—- 
Samuel G. Henderson, M.D. 


BLOOD AND LYMPH System 


Parkinson, D., MacPuerson, R. A., CHILDE, 
A. E., MipprEcorg, L. R., Morrow, L M., 
and MacEwan, D. W. Routine simultaneous 
bi-plane stereoscopic angiography. 7. Canad. 
4. Radiologists, Sept., 1967, 78, 371-376. 
(From: Departments of Neurosurgery and 
Radiology, The Winnipeg General Hospital, 
Winnipeg; and the Picker X-Ray Engineer- 
ing Ltd., Winnipeg, Manitoba, Canada.) 


The authors describe an apparatus for obtaining 
simultaneous bi-plane stereoscopic angiograms. 
The description of the apparatus is complete and 
the interested reader should consult the original 
article. The operation is quite similar to routine bi- 
plane angiography with only a few minor modifica- 
tions. Proper cones and meticulous positioning are 
required since a light collimator is not available be- 
cause 2 x-ray tubes 4i inches apart are mounted 
together for each plane. When angulation of tubes is 
required, they are manually angled and maintained 
in position by a metal wedge. 

The authors have performed 2,000 examinations 
in the past 2 vears and can do both carotid studies 
using onlv 24 cc. of contrast material combined with 
go second film processing. A great deal of procedure 
time has been saved. 

Stereoscopic films have been useful in the follow- 
ing situations: (1) differentiating small berry aneu- 
rysms from end-on vessels; (2) determining the 
relationship of berry aneurysms to the adjacent 
vessels; (3) separating vessels entering and leaving 
arteriovenous malformations from nearby vessels: 
(4) separating neck vessels; (5) in peripherally situ- 
ated pulmonary emboli; and (6) in abdominal 
aortography, including selective studies of major 
abdominal aortic branches. 

The over-all increase in cost was only 17 per 
cent. ames R. Stevenson, Major, MC 


Wuorky, Mark H., and BOCHER, Jack. 
Angiography in musculoskeletal trauma. 
Surg., Gynec. C9 Obst, Oct. 1967, 725, 

30-736. (From: The Departments of Radiol- 


H R. 


ogy and Orthopedie Surgery, University of 


7 


Pittsburgh School of Medicine, The Veterans 
Administration Hospital and Allegheny 
Valley Hospital, Pittsburgh, Pa.) 

The clinical differentiation of arterial spasm, 
thrombosis, or laceration following skeletal trauma 1s 
frequently impossible. Emergency arteriography 
can be extremely helpful during the initial skeletal 
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survey or coincident with surgical repair. In arterial 
laceration, excessive delay in treatment results in 
irreversible ischemic changes. Since the morbidity 
of arteriographic examination is negligible, mote 
widespread application of this procedure is recom- 
mended. 

A high index of suspicion of arterial injury is 
warranted in fractures of the distal femur, proximal 
tibia and distal humerus. Vascular injuries can 
accompany medial clavicular fractures, anterior 
humeral dislocations, and severe pelvic fractures. 
It is also known that gradual axillary artery occlu- 
sion can accompany prolonged use of crutches. 

Radiologists should encourage the use of emer- 
gency arteriography with the hope of reducing the 
amputation rates in severe musculoskeletal 


trauma.—Arch H. Hall, M.D. 


Kesster, RicHarp E. The umbilical vein in 
diseases of the liver. Buil. New York Acai. 
Med., Nov., 1967, 23, 977-984. (From: 
Department of Surgery, New York Uni- 
versity School of Medicine Surgical Service, 
Manhattan Veterans Administration Hospi- 


tal, New York, N. Y.) 


Catheterization of the remnant of the umbilical 
vein provides a convenient method to measure the 
portal pressure and visualize the portal venous svs- 
tem by angiography. It supplements percutaneous 
splenoportography if that procedure is technically 
unsatisfactory, if it fails to visualize the portal vein, 
if splenic puncture is not possible after splenectomy, 
or 1s contraindicated by the presence of ascites or a 
hemorrhagic diathesis. 

Catheterization of the umbilical vein is the pro- 
cedure of choice in patients with liver metastases in 
order to obtain serial hepatograms as a means of 
measuring the therapeutic efficacy of anticancer 
drugs. In patients with cirrhosis of the liver and 
bleeding esophageal varices who are not candidates 
for a major surgical procedure, an umbilical vein 
catheter is used to study the response of the portal 
pressure to conservative modalities such as vaso- 
pressin, thoracic duct lymph drainage, and gastric 
hypothermia. 

The catheters have been in situ for as long as $ 
weeks without complication in patients without 
cirrhosis. On the other hand, the portal pressure has 
been measured more than 300 times in a single pa- 
tient during an 11 day period, while observing the 
response of the portal pressure to drainage of lymph 
from the thoracic duct. 

Excellent portohepatograms can be obtained when 
a contrast medium is injected through an umbilical 
vein catheter and may demonstrate lesions as small 
as o.g cm. in diameter. This permits percise measure- 
ment of the hepatic tumors tn evaluating the thera- 
peutic efficacy of anticancer drugs when the tumors 
are most vulnerable. 
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In this series of roo consecutive attempts at 
catheterization of the umbilical vein, there were 9 
failures, with the last 75 attempts having only 4 
falures. The procedure is performed under local 
anesthesia in 15 to 30 minutes. In these 100 patients, 
there have been 4 relatively minor complications. 
The one major complication that occurred was in a 
patient who had cirrhosis of the liver and partial 
thrombosis of the portal vein demonstrated by the 
umbilical vein angiography. Eight days after 
catheterization, the patient died of hepatic failure. 
An autopsy revealed complete thrombosis of the 
portal vein, and 1t 1s believed that the umbilical vein 
catheterization may have contributed to the propa- 
gation of the existing thrombus.——Donald M. 
Monson, M.D. 


Tavron, G. W. Chronic lymphoedema. Brit. 
F. Surg., Oct., 1967, 54, 898—900. (From: 
Department of Surgery, St. Bartholomew's 
Hospital, London, England.) 


Chronic lymphedema may be primary (congenital) 
or secondary (acquired) in origin. Regardless of 
etiology, lymphedema is due to fluid and protein 
retention in tissue spaces because of inadequate 
lymphatic pathways. Normally the lymphatics act 
as a drainage route for tissue fluids and remove from 
the interstitial space large molecular size substances 
and plasma proteins that have leaked into the tissues. 
Accumulated extravascular protein leads to ab- 
normal osmotic tension and interstitial water 
accumulation or edema. Secondarily, tissue fibrosis 
and hyperkeratosis may develop in chronic cases and 
prolonged stretching of the skin results in loss of 
tissue elasticity which may further encourage 
edema. 

Recurrent cellulitis of streptococcal origin and 
lymphangiosarcoma, most frequently associated 
with postmastectomy edema of the arm, are compli- 
cations of chronic lymphedema. Lymphangio- 
sarcoma presents as reddish-purple skin nodules that 
coalesce and spread by lymphatic and hematogenous 
routes. Another condition, chylous reflux, is the 
result of retrograde flow of chyle into serous cavities, 
the renal tract, or chyle containing vesicles of the 
limbs. 

Treatment of lymphedema is usually conserva- 
tive. Night elevation of the limb, constant wearing of 
properly fitting elastic stockings, and intermittent 
diuretic therapy are most often used. If the degree 
of edema is more than a cosmetic problem and inter- 
feres with function, or fibrous tissue formation pre- 
vents shrinkage with conservative treatment, sur- 
gery may be indicated. Primary lymphedema can be 
reduced by the wide excision of edematous sub- 
cutaneous tissue with techniques such as described 
by Charles and Thompson. Surgical treatment of 
secondary lymphedema is limited to those patients 
in whom the original disease is inactive and swelling 
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is burdensome. The techniques described above are 
used as well as the construction of artificial lympho- 
venous shunts.—JoÀn T. Underberg, M.D. 


VINEBERG, ArtHuR M., and Syep, A. K. 
Arterial vascular pathways from subclavian 
arteries to coronary arterioles created by 
free omental myocardial implants: a pre- 
liminary report. Canad. M. A. F., Aug. 19, 
1967, 97, 399-401. (From: Department of 
Surgery, Royal Victoria Hospital, and the 
Department of Experimental Surgery, Mc- 
Gill University, Montreal, Quebec, Canada.) 


Cardio-omentopexy—the term for applying the 
omentum to the myocardial surface—has been used 
in patients suffering from cardiac ischemia. Orig- 
inally, the omentum was left attached to its ab- 
dominal blood supply. In subsequent animal ex- 
periments, strips of omentum were implanted into 
the myocardium, leaving the omental strips at- 
tached to the vascular pedicles in the abdomen. In 
1960 it occurred to one of the authors of this article 
that if the omentum was deprived of its blood supply 
it would seek out a new one. Since 1962 the authors 
have used the free omental graft to supplement in- 
ternal mammary artery implantation done for myo- 
cardial revascularization in human subjects. In 
previous studies it was shown that the free omental 
graft when placed in the vicinity of a vessel will 
form communications with such vessels as those of 
the spleen, liver, intestinal arteries, thoracic wall, 
internal mammary artery, superior epigastric, as- 
cending aorta and the coronary vessels. This 
happens with and without epicardiectomy, although 
such communications form more actively after 
epicardiectomy has been done. 

In 1966 the authors began to thread strips of 
omentum through the right and left ventricular 
walls, at the same time constricting the anterior 
descending and circumflex coronary arteries by 
ameroid constrictors placed around their main 
stems. Since that time, it has been confirmed in 75 
animal experiments that a completely new set of 
intramyocardial vascular channels can be estab- 
lished within 8 days by this procedure. The arteries 
in the omental strip rapidly make connection with 
surrounding arterioles so that the right coronary 
artery blood flows immediately through vessels in 
the omental strip to relieve the ischemic area pro- 
duced by the ameroid constrictors placed on the 
coronary vessels. Following this demonstration, the 
authors decided to bring subclavian arterial blood to 
the myocardium through free omental strips im- 
planted into the wall of both ventricles. This was 
done by suturing a one-half inch strip of greater 
omentum to the right and left subclavian arteries, 
after removing the pleural and endothoracic fascia 
covering these arteries. The distal end of the omental 
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strip is threaded through the left and right ventricu- 
lar walls, respectively. 

The authors’ experience with over 440 revasculari- 
zation operations on patients has made it clear that 
à new source of systemic arterial blood is needed for 
myocardial revascularization.— Douglas S. Kellogg, 


M.D. 


DELORIMIER, ALFRED A., Simeson, ELLen B., 
Baum, RicHarp S., and Carusson, ERIK. 
Hepatic-arterv ligation for hepatic heman- 
giomatosis, New England Y. Med, Aug. 17, 
1967, 277, 333-337. (From: Departments of 
Surgery, Pediatrics and Radiology, Uni- 
versity. of California. School of Medicine, 
San Francisco, Calif. 94122.) 


The involuting hemangioma (capillary hemangi- 
oma or hemangioendothelioma) of childhood is a 
congenital vascular malformation, which progres- 
sively enlarges in early infancy, becomes stationary 
for a variable period and then spontaneously re- 
gresses. About 60 per cent of all cutaneous lesions 
are present at birth; the remainder become evident 
within 2 months after birth. They attain their 
maximum growth in the first 6 months in half the 
cases, and in 6 to 12 months in the rest. 

The typical diagnostic triad is as follows: mul. 
tiple enlarging cutaneous hemangiomas; hepato- 
megaly; and congestive heart failure. Only 3 of 25 
patients described since 1932 have survived after 
conservative treatment of heart failure. Respiratory 


distress occurred within 6 weeks after birth in half 


the cases. These infants usually died within 2 weeks. 
In all the fatal cases, death occurred within 6 months 
after birth. Only 3 of the babies survived after con- 
gestive heart failure. The clinical course of these 3 
patients suggests that the heart failure occurred 
when the tumor had attained its maximum size. 

These hepatic hemangiomas produce a wide open 
conduit between the hepatic artery and veins. An 
arteriovenous fistula initially reduces the blood 
pressure, accelerates the pulse rate, increases the 
venous filling of the heart and raises the cardiac 
output. Since these hemangiomas diffusely involve 
the liver, they cannot be resected readily by hepatic 
lobectomy, and the large arteriovenous shunt can 
be decreased only by ligation of the main hepatic 
artery. Ligation of this artery proximal to collateral 
branches does not obliterate all arterial inflow into 
the liver, for collateral vessels from the left gastric 
artery and superior mesenteric artery provide blood 
supply to the proper hepatic artery. 

The authors include a case report of a baby girl, 
16 days old, admitted to hospital because of severe 
respiratory distress. The pulse was 170, the respira- 
tions 120, and the blood pressure was 150/40. 
Roentgenograms showed generalized cardiac en- 
largement, increased pulmonary vascularity and 
congestion. Celiac arteriography revealed a large 
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hepatic artery and pooling of contrast material in 
vascular lakes throughout the liver, most pronounced 
in the right lobe. The rapid growth of the heman- 
giomas suggested the possibility of early death from 
heart failure. Four days after admission the hepatic 
artery was ligated at its origin from the celiac artery, 
proximal to the right gastric and gastroduodenal 
branches. After operation the patient improved. The 
blood pressure was y4/45 to 108/60; the pulse was 
120; and the respirations 40 to 60. A roentgenogram 
of the chest showed a decrease in heart size and 
pulmonary vascularity. She was discharged from 
hospital 2 weeks after surgery. She is alive and well 
at present, with normal growth and development. 


Douglas S. Kellogg, M.D. 


FERRIS, Ernest J., Virrimperca, Frank jJ., 
Byrne, Joun J., Napseryu, Donatp C., and 
SHaPIRO, JEROME H. The inferior vena cava 
after ligation and plication: a study of col- 
lateral routes. Radiology, July, 1967, So, 
1-10. (From: Boston City Hospital, 818 
Harrison Avenue, Boston, Mass. 02118.) 


Thirty patients were studied venographically 
atter plication or ligation procedures on the inferior 
vena cava. Four major routes are available for re- 
turn of blood from the pelvis and lower extremities 
after occlusion of the inferior vena cava: (1) cen- 
tral, (2) intermediate, (3) portal and (4) superfi- 
cial. 

The central ascending lumbar vertebral plexus is 
the most important collateral network. The central 
channels are composed of the ascending lumbar, 
internal and external venous plexus, hemiazvgos- 
azygos system, and the vena cava above the level 
of occlusion. The intermediate channels comprise the 
ovarian-testicular veins, the ureteric veins, and the 
left renal-azygos system. All these veins, especially 
the ureteric veins, may attain a huge size. The 
portal svstem serves as a collateral channel for the 
obstructed vena cava. Filling is via the superior 
hemorrhoidal anastomosis with the middle and 
inferior hemorrhoidal plexus. The superficial routes 
are extensive. In general, the inferior epigastric 
veins drain superiorly into the internal mammary 
veins. The superficial epigastric and circumflex 
iac veins drain via the thoracoabdominal veins, 
and the lateral thoracic vein into the axillary vein. 

Thirty patients were studied. The time of study 
varied from 2 days to 2 years. Venous pressures and 
circulation times were obtained and compared with 
those of the antecubital vein. Sixty cubic centimeters 
of 60 per cent contrast medium was injected by 
hand or pressure injector through a catheter intro- 
duced into one or both femoral veins. Serial roentgen- 
ograms in the anteroposterior and lateral projections 
were obtained. In 2 cases, because of bilateral 
femoral vein thrombosis, intraosseous venography 
was performed. 
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In all cases of ligation, the vena cava immediately 
above the tie was seen and not a single case of 
thrombus was observed at this level. The vena cava 
below the tie was thrombosed in 10 of 20 cases. In 5 
of 20 cases only one common iliac vein was patent. 

Eight patients had plications of the inferior vena 
cava and two had teflon clips. The plications tended 
to remain open early. In only 1 of 5 patients studied 
during the first 6 months, was the vena cava throm- 
bosed below the plication and the openings closed. 
In 5$ patients studied between 6 months and 2 years 
after surgery, there was patency in only 2. Only 3 
of 9 patients studied maintained a patent plication. 

Elevated venous pressure and prolonged circula- 
tion time in the femoral vein tended to parallel the 
onset of leg edema, or an increase in pre-existing 
edema. Recurrent pulmonary embolism after liga- 
tion occurred in 3 cases.—/4. W. Sommer, M.D. 


Mavor, G. E., and Gattoway, J. M. D. Col- 
laterals of the deep venous circulation of the 
lower limb. Surg., Gynec. C9 Obst., Sept., 1967, 
I25, 561—571. (From: The Aberdeen Royal 
Infirmary, Aberdeen, Scotland.) 


The authors state that current textbook descrip- 
tions of the venous anatomy of the lower limb are 
imcomplete and even inaccurate. They dissected 22 
lower limbs and found direct and indirect communi- 
cations between the major veins of the leg below the 
termination of the profunda femoris vein. They 
studied venograms of the lower extremity and found 
the collateral venous system of the pelvic vessels to 
be inadequate. 

This evidence is used to show that venous occlu- 
sion of the deep veins can be separated into the 
iliofemoral thrombosis (above the termination of the 
profunda) and the femoral popliteal thrombosis 
(below the termination of the profunda femoris 
vein). 

In peripheral venous thrombosis (femoral pop- 
liteal), there is no venous insufficiency, and conserv- 
ative therapy 1s indicated. In distal venous throm- 
bosis (iliofemoral), the collateral circulation 1s often 
inadequate and a venous thrombectomy is indicated. 
—Richard P. Taylor, M.D. 


GENERAL 


O’Mara, Rosert E., Ruzicka, Frances F., 
JR., OSBORNE, ALAN, and CONNELL, JAMES, 
Jr. Xeromammography and film mammog- 
raphy: completion of a comparative study. 
Radiology, June, 1967, 88, 1121-1126. (Ad- 
dress: 153 W. Eleventh Street, New York, 
N. Y. 10011.) 

The authors present the results of a comparative 


study of 463 breast examinations which were done 
by means of xeromammography and film mammog- 
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raphy. Of the 463 cases, 162 had a biopsy proven 
diagnosis and the diagnostic accuracy of the two 
procedures was found to be very similar. 

The details regarding the basic principles of 
xeromammography have been previously described 
by the authors (Radiology, 1965, 85, 260-269). One 
great advantage found with the use of xeromammog- 
raphy is that of a lower patient x-ray exposure. The 
skin dosage received by the patient is approximately 
one-third that incurred with the film technique. 
Other advantages include the ability to see all 
structures on a single image, and a sharp delineation 
of even small differences in glandular structures. 
The “edge effect" produced by accentuation of the 
edges of tissues of differing densities plus the low- 
contrast range of the method enable one to see all 
structures, from soft tissues to calcification and 
bone, on a single exposure. 

Several problems have been encountered in the 
technical aspects of xeromammography. These in- 
clude: (a) imperfections in the selenium plate which 
at times closely resemble calcifications; (b) moisture 
absorption by the acetate coating on the plate in 
humid weather, resulting in uneven distribution of 
the developing powder; (c) moisture absorption by 
the developing powder which causes clumping of the 
powder; (d) attraction of dust particles to the 
charged plate, simulating calcifications; and (e) the 
relatively primitive design and cumbersomeness of 
the equipment available. 

It is the authors’ opinion, however, that these 
technical difficulties will lessen with continuous im- 
provement in design as the equipment and technique 
become more refined.—Donald N. Dysart, M.D. 


RADIOISOTOPES 


RosENTHALL, LEONARD, MATHEWS, GEORGE, 
and STRATFORD, JosEPH. Radioxenon brain 
scanning with the gamma-ray scintillation 
camera. Radiology, Aug., 1967, 89, 324~ 
328. (From: Division of Nuclear Medicine, 
Montreal General Hospital, Montreal 25, 
Quebec, Canada.) 


Previous studies of cerebral blood flow have been 
made by monitoring the disappearance rates of 
Xes and Kr from the brain. The desaturation 
curves obtained with Xe! consist of 2 or 3 exponen- 
tial components; a fast component with a 14 minute 
half life, and a slower component with a Io minute 
half life, representing the cortical and white matter 
blood flow, respectively. 

The short imaging time of the scintillation camera 
(Pho/Gamma, Nuclear-Chicago), 30 seconds for the 
dose of Xe used here, permitted the use of Xe” 
as a scanning agent. The Xe! was administered 
either by the injection of 10 mc dissolved in 10-20 
ml. of saline into the carotid artery or by the in- 
halation of about 15 mc through a closed system 
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breathing device. Serial scintiphotos were made dur- 
ig the washout period. Whenever possible, com- 
parisons were made with the brain scan obtained 
with macroaggregates of radiorodinated albumin 
(MARIA). This was injected into the carotid artery 
following the xenon solution study. Approximately 
150 uc of I?! containing about 1 mg. of albumin with 
particle size of 4 | to 30 microns in diameter was the 
usual dose. 

'The results of scans of 6 patients indicate that 
the diffusion of Xe into relatively avascular and 
cvstic tumors did not differ greatly from that in the 
adjacent tissue. This diffusibility of the Xe? gas 
could lead to a loss of resolution of small lesions 
which would otherwise be detected with MARIA as 
a test agent. 

No deleterious reactions from the 70 intracarotid 
injections. of MARIA were encountered. Radio- 
xenon, being entirely innocuous should be com- 
pletelv safe. 

The authors’ experience, based on a limited study, 
indicated that a broad spectrum of desaturation 
curves can be anticipated contingent on blood flow, 
necrosis, and xenon diffusibility within the les 
One of the main advantages of the MARIA scan is 
its ability to detect and localize small cerebral 
vascular accidents when the cerebral angiogram E 
normal. The intracarotid injection of Xe! will « 
the same, even though the gas may dissolve in B: 
lesion. More work is required before a final assess- 
ment of the Xe! brain scan is justified.—L. H. 


Deiterman, Fr., Ph.D. 


Quinn, James L., HH, and Branp, WILLIAM N. 
Pertechnetate-ggm thyroid scans obtained 
incidental to brain scans. Y. Nuclear Med., 
July, 1967, 8, 481-486. (From: Department 
of Radiology, Northwestern University 
School of Medicine and the Nuclear Medi- 
cine Laboratory, Chicago Wesley Memorial 


Hospital, Chicago, Il.) 


Thyroid scans were done on 767 patients who 
primarily were having brain scans using pertec ch- 
netate ggm. Patients with known thyroid disease, 
or previous thyroid surgery, were excluded. The 
thy roid scan was begun IO-to 39 minutes after in- 
jection of 65 uc of pertechnetate ggm per pound of 
body weight. 

The scans were coded as satisfactory or unsatis- 
factory. 'The satisfactory scans were further coded 
as normal, nodular and inhomogeneous. 

Six hundred-four (78.7 per cent) of the scans were 
satisfactory. There were 143 (18.6 per cent) normal, 
223 (29 per cent) nodular, and 238 (31 per cent) in- 
homogeneous scans. The in homogeneous scans were 
thought to be due to insufficient data recording and 
incomplete resolution of smaller nodules. 

Multinodularity by scan increased with age and 








Abstracts of Radiological Literature 


743 


was greater in females, with 40 per cent occurring in 
the 61 to 70 age group. The per cent of normal scans 
decreased with age. The inhomogeneous scans had 
a random age distribution, and the incidence was 
higher in males. 

pe and pertechnetate ggm scans were done in 
several cases, and the [9 scans were superior. This 
was thought to be due to the pertechnetate scans 
imaging only a trapping function, while the iodine 
scans record the net effect of trapping, organifica- 
tion and release.—-Charles W. Cooley, M.D. 


Hacen, Garrett A., OUELLETTE, Roperr P., 
and CHAPMAN, EanLE M. Compar ison of high 
and low dosage levels of ?'T in the treatment 
of thyrotoxicosis. New England J. Med., 
Sept. 14, 1967, 277, 559-562. (From: De- 
partment of Medicine, Harvard Medical 
School, and the Medical Services and Physics 
Research Laboratory, Massachusetts Gen- 
eral Hospital, Boston, Mass. 02114.) 


Permanent hypothyrodism occurs not infrequently 
in the treatment of hyperthyrodism with I9'. The 
reproductive capacity of the thyroid cells 1s damaged 
by the irradiation, resulting in a diminishing number 
of cells. 

Two dosage levels of I?! were given to a series of 
patients with hyperthyrodism to evaluate the effect 
of lower dosages of I?!, The usual clinical dose of 
160 uc of [! per gram of thyroid was given to 40 
hyperthyroid patients; and 8o uc of I?! per gram of 
thvroid was glven to 116 hyperthy roid patients. 
Five drops of a saturated potassium iodide solution 
were administered orally each day in the lower 
dosage groups 2 weeks after treatment. 

The dose in the high dosage group was 7.4 2.4 
mc of [?!, There were 33 per cent hypothyroid and 
40 per cent euthyroid patients in this group. Twenty 
per cent required additional [?!, and 7 per cent were 

controlled with potassium iodide or antithyroid 
drugs. 

The dose in the lower dosage group was 3.6 x 0.9 
mc of [?!, Six per cent of patients became hypo- 
thyroid and 7o per cent were euthyroid. Fourteen 
per cent of the cases required 2 or more doses of 
pa, 

Potassium iodide was helpful in controlling pa- 
tients with mild persistent thyrotoxicosis after [?! 
until the full effect of the radiation took place. It 
was possible to avoid retreatment with 1?! in 6 per 
cent of the cases. 

The lower dosage level of I! combined with the 
prolonged use of potassium iodide in the treatment 
of thyrotoxicosis resulted in a definite decrease in 
the incidence of hypothyrodism without an increase 
in the number of retreatments during the two year 
study. Seventy-seven per cent of the cases were 
euthyroid after 4 months.—CAarles W. Cooley, M.D. 
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MasERI, A, and GIUNTINI, C. 
Precardi al ANM compared with aenal 
sampling for measuring. ihe cardiac output 
in man. J. Nuclear Biol. & Med., April- fune, 
1967, 70, 66-71. ( T Group of Clinical 
Physiology and Center of Nuclear Medicine, 
Medical Clinic, University of Pisa, Italy.) 
Simultaneous cardiac output determinations with 

the pericardial count method and arterial sampling 

technique following a single injection of 1' tagged 
human serum albumin through a preloaded cardiac 
catheter were compared in 6y instances. 

The cardiac output with pericardial counting 


NLSEDUNT, MIS 


averaged 9.14 L./min. and those obtained with 
arterial sampling 8.98 L. min. Sixty-five determina- 


tions fell within or on the line representing + 20° 


deviations from the line of identity. 

It has been stated that the critical factors in the 
determination of the cardiac output by pericardial 
counting are the site of administration of the albumin 
which should be close to the right atrium and the use 
of a fairly narrow collimator. Using this technique, 
pericardial determinations of cardiac output appear 


to be an accurate method even in the presence of 


A. M. 


variation. of cardiac size and blood flow.-— 
Rejali, M.D. 
and Brand, WILLIAM 


WirLiaMs, DoNarp F., 


H. The diagnostic and prognostic value of 


strontium-82 photoscanning in carcinoma of 
the prostate. Y. Uro/., June, 1967, 97, 1070- 
1074. (From: Department of Surgery, Divi- 
sion of Urology 
Medicine, University of California Center 
for the Health Sciences, and the Department 
of Surgery, Urology and Radioisotope Ser- 
vices, Wadsworth Veterans Administration 
Hospital, Los Angeles, Calif.) 


i? 


Radioactive strontium 85 photoscans can detect 
metastatic disease prior to roentgenographic bone 
changes in patients with carcinoma of the pros- 
tate. 

In this series of randomly selected patients with 
clinically proven adenocarcinoma of the prostate 
20 per cent had negative roentgenograms with posi- 
tive photoscans. In g patients both the roentgeno- 
grams and the photoscans were positive. In addition, 
the photoscans were able to detect more exten- 
sive disease in patients with known metastatic le- 
sions than could be shown by routine roentgeno- 
grams. 

The strontium 85 photoscan is recommended as a 
preoperative adjunct in the over-all evaluation of 
patients who are potentially curable candidates bv 
radical total prostatectomy, Ít is also useful in follow- 
ing patients during therapy of metastatic prostatic 
carcinoma.—George W. Chamberlin, M.D. 
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Ucuiyama, Guio, Hirencock, A. A. C., am 
Morris, A. C., Jr. Clinical results with 
color-recording rescanner. Y. Nuclear Med. 
]une, 1 967, . 437-443. (From: The Medica 
Division, Oak Ridge Institute of Nuclea 
studies, Oak Ridge, Tenn. 37830.) 


In order to observe small differences in the dis 
tribution of radioisotope in scanning techniques th. 
authors mention two methods: rescanning techniqu 
reported by C. C. Harris and recording primary scan 
in color. 

Thev state that combination of the color recordini 
method with the rescanning technique provide: 
special usefulness, such as avoidance of necessary 
adjustment when the patient is under the scanner 
better showing of the small difference in counting 
rate, smoothing of the statistical raggedness o 
original record, modification of the original li ight o 
dark plotoscan for better readability and manipul; 4 
tion of the data without damaging the origina 
stored data. 

Several clinical examples of color rescanning with 
a rescanner with color read-out are presented anc 


discussed.—.4. M. Rejali, M.D. 


BEN-Ponara, Mosug, CruavroN, GLENN, and 
Karran, Ervin. Modification of a multi- 
isotope color scanner for multi-purpose 
scanning. T. Nuclear Med., June, 1967, 8, 
411-425. (From: Radioisotope Service, Vet- 
erans Administration Hospital, Lovola Uni. 
versity Stritch School of Medicine, Hines, 
Illinois, and the University of Migs College 
of Medicine, Chicago, Ill.) 

A technique using dual pulse height analyzer 
count rate system has been used by the authors for 
electronic subtraction of one gamma photopeak 


from another. This allows subtraction of Au»? 
photopeak from Se photopeak in pancreatic 


scanning using colloidal gold (Au!**) and Se? tagged 
selenomethionine, and permits elimination of the 
liver scan from the pancreatic scan. 

Using similar circuitry, a commercially available 
color scanner has been converted into a multi- 
isotope scanner which can simultaneously scan two 
isotopes emitting gamma photons of different energy 
levels and display on the recording paper the distri- 
bution of each isotope either in positive or negative 
modes or combination of both in different colors. 


The overlying part can be displayed in intermediate 


color or shades of two colors. 

Combination of two colors and substract circuits 
to the color scanner make it possible to scan up to 
three 1 isotopes simultaneously. 

Various clinical applications of two and three 


isotope scanning by this method are demonstrated 


by the authors.—4. M. Rejali, M.D. 
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CHEMOTHERAPY 


Hanpisry, R. M., and Norman, Parricia M. 
Meningeal leukaemia. -¢rch. Dis. Childhood, 
Aug., 1967, 42, 441—447. (From: The Depart- 
ment of Haematology, Institute of Child 
Health, The Hospital for Sick Children, 
Great Ormond Street, London W. C. 1, 
England.) 

Of 131 cases of acute leukemia seen at The Hos- 
pital for Sick Children from January 1, 1958 to 
February 28, 1966, 29 have developed manitesta- 
tions of meningeal infiltration. Fifty episodes have 
occurred in these 2g children and are the basis for 
the present report. 

The most common presenting symptoms were 
those of increased intracranial pressure. The “hypo- 
thalamic syndrome” (rapid weight gain associated 
with voracious appetite) was seen in one-half the 
patients. Twenty-four were considered to be in 
hematologic remission and 26 were in relapse at the 
time of their episodes. The total cell count was ele- 
vated in every case in which the cerebrospinal fluid 
was examined (48 of £o times). Extremely high cell 
counts seemed to carry a worse prognosis. 

Forty-two episodes were treated with intrathecal 
methotrexate, 4 with radiotherapy, 2 with steroids 
alone, and 2 were untreated. All those treated with 
methotrexate responded but recurrence has been 
seen to date in over one-half of the cases. The 
authors favor this latter method of therapy. 

When the over-all survival times were compared 
with an equal number of similar cases in which no 
meningeal involvement was found a statistical differ- 
ence was not apparent. Meningeal involvement does 
indicate an advanced stage of the leukemic process 
however, since it is most often seen toward the end 
of the course of the disease process. —Howard West, 


M.D. 


MACKENZIE, A. RANALD, DURUMAN, NEVZAT, 
and Wairmore, Witter F, Jr. Mithra- 
mycin in metastatic urogenital cancer. 7. 
Urol., July, 1967, 98, 116-119. (From: De- 
partment of Surgery, Urology Service, Me- 
morlal Hospital, New York, Ne Yo) 


Mithramycin is an antitumor antibiotic, acidic in 
reaction, and bright yellow in color. It is readily 
soluble in water. It exhibits marked activity against 
gram positive bacteria and certain types of malig- 
nant tumors. It is a potent inhibitor of ribonucleic 
acid synthesis and in this respect it resembles 
actinomycin D but its potency is only one-tenth 
that of actinomycin D. 

The authors have used mithramycin in the treat- 
ment of 17 patients with metastatic cancer. This 
was given intravenously in doses of 25 to $O ug. 
per kg. body weight daily for 3 to 10 days. In 3 of 6 
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patients with metastatic cancer of the prostate a 
reduction in pain was noted during the treatment 
and for several davs thereafter. There was no mea- 
surable evidence of regression. of tumor and the 
serum acid phosphatase was not affected. Toxic 
effects were noted in 4 patients, 1 of whom died of 
throbocytopenia, uremia and hypocalcemia. 

Of g patients with metastatic testicular cancer, 4 
noted a reduction in pain. Three showed partial 
regression of metastases. Six of this group experi- 
enced nausea and vomiting without thrombocyto- 
penia. There was no substantial clinical improve- 
ment in any of the patients. Two patients with retro- 
peritoneal rhabdomyosarcoma and 1 with renal cell 
carcinoma failed to derive any benefit. 

The authors conclude that mithramycin is an 
effective agent in the treatment of metastatic cancer 
of the testicle and mav at times succeed in eliminat- 
ing all evidence of disease. Its toxicity is less pre- 
dictable and it is less effective than actinomycin D 
which is preferred in the treatment of embryonal 
cell carcinoma, teratocarcinoma and choriocarcin- 


oma.--George W. Chamberlin, M.D. 


HovrrviN, Erik, Van PROHASKA, JOHN, and 
Taxman, Puitiip. Response of male mam- 
mary carcinoma metastases to bilateral 
adrenalectomy. Surge., Gynec. © Obst, Aug., 
1967, 725, 279-283. (From: The Department 
of Surgery, University of Chicago, Chicago, 


Ll.) 


Ín an effort to assess the response to adrenalec- 
tomv in male breast carcinoma the authors studied 
23 such cases seen from July 1935 to June 1966. 
Twelve of these patients had distant metastases and 
underwent various forms of endocrine ablative sur- 
gery. Six of the 12 underwent orchiectomy and 
sequential adrenalectomy. 

Objective response, defined as disappearance of 
pulmonary or skeletal metastases for a period of at 
least 6 months was observed in 7o per cent of those 
undergoing some form of ablation. Four of the 6 
patients who underwent adrenalectomy showed 
responses varying from 1 to 5 years. Two of these 
cases are discussed in detail. 

The authors feel that endocrine ablation is the 
most effective form of therapy in metastases from 
this disease. —Howard West, M.D. 


ANDERSON, E. Evererr, Coss, OLIVER E., and 
Grenn, James F. Cyclophosphamide hemor- 
rhagic cystitis. 7. Urol., May, 1967, 97, 8577 
8:8. (From: Department of Surgery, Divi- 
sion of Urology, Duke University Medical 
Center and Duke University School of Medi- 
cine, Durham, N. C.) 

Cyclophosphamide has been rather extensively 
used in the treatment of neoplasms of the lymphatic 
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group and also for tumors of the breast and ovary. 
The drug may be administered by mouth or intra- 
venously. The side reactions are nausea, vomiting, 
diarrhea, vertigo, hepatitis, leukopenia, alopecia and 
cystitis. 

The authors report 2 cases, one an 8 year old boy 
and one a 27 year old man, who developed cystitis 
following the administration of this drug. In one 
instance the hematuria and bladder symptoms sub- 
sided promptly after discontinuing the drug. In the 
other instance the patient continued to have severe 
hemorrhagic cystitis after withdrawal of the drug 
and it was necessary to bypass the bladder by ileal 
conduit. The bladder symptoms subsided promptly 
after urinary diversion. 

In the instances of cytoxan cystitis the urine is 
usually sterile. Cystoscopy reveals a hemorrhagic 
edematous bladder of varying degrees of severity. 
In the milder cases this may subside in a few days 
after cessation of the drug, but it may persist for 2 
months after discontinuance of the drug. Prolonged 
administration may produce chronic fibrosing 
cystitis, with exsanguinating hemorrhage. 

This type of cystitis can be produced in normal 
dogs by infusing their bladders with urine obtained 
from dogs which had developed cyclophosphamide 
cystitis from massive intravenous infusions of the 
drug. The resulting hemorrhagic cystitis was in- 
distinguishable from that of the donor dogs. Cyclo- 
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phosphamide per se infused into the bladders of 
normal dogs did not produce this same picture. 
Therefore, it is assumed that cytotoxic effects on the 
bladder are due to urinary metabolites of cyclophos- 
phamide rather than to the drug itself or to its 
systemic effects. Further animal experiments indi- 
cate that forced hydration and diuresis may be 
helpful in preventing this syndrome.—George W. 
Chamberlin, M.D. 


PHELAN, JOHN T., and Miicrom, Hauna. The 
use of the Mohs’ chemosurgery technique in 
the treatment of skin cancers. Surg., Gynec. 
E Obst., Sept., 1967, 725, 549-560. (From: 
Department of Surgery and Dermatology, 
Roswell Park Memorial Institute, New York 
State Department of Health, Buffalo, N. Y.) 


The authors report on 446 consecutive skin can- 
cers treated by Mohs' chemosurgery technique. 
Nonmetastasizing basal cell carcinoma accounted 
for over 80 per cent of the lesions. 

Of the cancers treated by this method, those with 
ill-defined borders and those complicated by infec- 
tion and scarring were the most suitable. The tech- 
nique was also of value in the management of mul- 
tiple lesions of the face and of recurrent lesions in- 
volving the alar base region of the nose, the scalp, 
and the ears.— Richard P. Taylor, M.D. 








sive bilateral numbness, weakness, and muscle atrophy that had been 
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present for one year in a 57-year-old man was attributed to cervi ‘al spondylosis. A 
myelogram using 12 ce of PANTOPAQUE [lophendylate Injection]. demonstrated 
the large defect at the level of the fifth cervical vertebra. The patient recovered 


rapidly following laminectomy and posterior decompression of the fifth cervical 





spinal nerve roots. 





“PANTOPAQUE” is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized in the laboratories of Eastman Kodak 
Company and prepared as the myelographic contrast medium 
lophendylate Injection, U.S.P., by Lafayette Pharmacal Inc. The 
trademark serves to indicate to the radiologist continuity of expert- 


ence in the manufacture of this medium. 
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Do you need power and speed? Do you need flexibility: 

GIGANTOS-GIGANTOS E: TRIDOROS 5 8:700 mA - 125 kV 

1000 mA at 150 kV. 12 pulse system gives 979/ 6 pulse system gives 93?/, of constant potential 

of constant potential. Stepless mA and kV 1/120 sec. 8 exposures/sec. "Falling Load" optional 
1/360 sec. 8 exposures/sec. in GIGANTOS 
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Until 1958 one could almost count the 
3 phase generators in use in North 
America on the fingers of his hands. 
Today, despite the fact that they are 
expensive, we believe that there are 
well over 500 in use. Three-phase 
generators are here to stay inspite 

of some early bad experiences and an 
active bad press. We hope that the 
following facts convince you that when 
you make an investment of this 
magnitude you should first consider 
SIEMENS: 


FACT In 1958 3 large Midwestern institutions 
purchased the first SIEMENS 3-phase 
generators in North America. 

THESE, and all of the over 400 in over 
240 hospitais following them, are in 
daily use by their original owners. 


FACT We use only Siemens manufactured, 
surge-resistant Selenium rectifiers, 
and including our therapy installations. 
not one rectifier in over 5700 has failed. 
We invented solid-state rectification. 
e We have not used a valve tube 
for 10 years and more 


FACT We do not make "fail safe" tube 
overload systems. Our tube overload 
systems do not fail - because 
they are mechanical. They do not block 
the exposure - they permit it - 
but it is within tube rating. 





FACT Most engineers agree that electronic 
tube emission decay and failure, 
together with relay contact problems 
cause most of the troubles found 
in generators. For years we have used 
virtually no electronic tubes, and for 
years we have used low current, 
arc-free switching. 


FACT We test every generator (control- 
transformer with X-ray tube) in our 
factories for 40-48 hours under all loads, 
cn all possible positions with standard 
meters and ocilloscopes used to study 
behavior - before it goes into the crate. 
We "de-bug" it there ~ not here. 


FACT A 3 phase generator is not inherently 
reliable. We have made them 
for over 30 years- and we change 





Do you need automation? components only to improve the product. 

TRIOMAT: 600 mA - 125 kV We have prepared special material 

6 pulse system gives 93°/, of constant potential on this subject. Please ask a Siemens 
_1 step (kV) control for automatik operating Representative or write us for a copy. 





wIncludes "Falling Load" 


SIEMENS MEDICAL OF AMERICA INC, 
685 Liberty Ave., Union, N. J. 07083 


BENE NR EH 


in Canada: SIEMENS MEDICAL OF CANADA LTD., 4943 Sherbrooke St. West, Montreal 6, Quebec 
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Does the Model 5500 camera system challenge you 


The Digita! Autofluoroscope? is 5.5 years old. Clearly, it is ahead of its time. However, 14 systems 
are in routine clinical use today. Each of these units was individually built by our Engineering De- 
partment. It has been engineered, engineered, engineered until now this final design has evolved 
and is being produced routinely in quantity by our Manufacturing B 

Department. It is ready for you. Call for an appointment. 33 University 
Road, Cambridge, Massachusetts 02138, Telephone: 617 864-7420 B 


Baird-Atomic Europe, The Hague, The Netherlands. Baird-Atomic Limited, Hornchurch, England. 
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To extend the range 


The Dynamax "HD50" 


of performance 
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increased 


work loads significantly 


MACHLETY 





The increased range of performance of the Dynamax 
"HD50" is made possible by use of a rhenium-tungsten- 
faced molybdenum anode, coated by a Machlett 
process, to increase its emissivity. This compound 
anode permits storage of larger thermal loads and rapid 
dissipation of anode heat, yet without increase in tube 
size. Despite the increased thickness of the Dynamax 
"HD50" target, it is lighter than the standard 

solid tungsten disc and exhibits, therefore, improved 
mechanical as well as thermal performance. 


The Dynamax “HD50” x-ray tube is available in all 
options: high speed or grid-controlled (or various 
combinations thereof) or standard. 


Important Note: The Dynamax “HD50” insert may be 
used in all standard Dynamax housings, including the 
Dynamax “HD25”, “HD26”; Dynamax "40", “46”, 
“OR40”; and the Dynamax “50”. The “HD50” insert 
may be obtained either as a replacement or when 
ordering a new tube. 

For details on the Dynamax “HD50” rotating anode 
x-ray tube, write: The Machlett Laboratories, Inc., 
Springdale, Connecticut 06879. 


THE MACHLETT 
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The Loner 


After all, a film that yields the contrast you want, coupled 
with maximum latitude and definition, has to be in a 
class by itself. 

Let your Ilford Technical Representative show you how 
Red Seal on Melinex® will perform in your processing 


system with Ilfomat Chemicals. 


** ILFORD INC. 


601 West 26th Street, New York, N.Y. 10001 
1217 East El Segundo Boulevard, El Segundo, California 90245 


3566 Elm Street, Hapeville, Georgia 30054 
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price fag on 
leadership 


We don't know. That's why our prices are competitive 
...&ven though we're the largest Film Badge 
service in the nation, and the acknowledged leader 
in the field of radiation safety. 

But we don't charge a premium for leadership. 
We pay a price. We work harder .. . at innovation, 
research, customized service. Some people call this 
the penalty of leadership. 

We consider it a privilege. 

We're not only experts, we re zealots and crusaders 
in the field of radiation safety. Thats why we 
pioneered personnel dosimetry. How we became 
the leader. 

And we're sure that we'll never lose our leadership 
If we keep on setting standards and criteria for the 
entire field. It will just naturally follow. It always has. 

We'd like to show you why. 


RS. 
JR. & CO. 


World's largest professional service for radiation dosimetry 


REGIONAL OFFICES 





Eastern Midwestern Western 
103 Bayard Street 3920—216th Street 10125 W. Washington Blvd. 
New Brunswick, N. J. 08901 Matteson, Ill. 60443 Culver City, Calif. 90230 


Phone: 201 —246-1900 Phone: 312—748.7900 Phone: 213 —839.3432 
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a research concept in contrast visualization 
for better 
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No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,’ “...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient," Macht et a/. have com- 
pared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 50% diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.896 sodium iothalamate solution.' 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as "good"; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
"poor." The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 





ition of disease: 


hives, pain in arm, sneezing, hot flushes, stuffi- 
ness of nose or ears. ' 


The following chart* shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effects expected in 
standard population of 1,000 patients by age, accord- 
ing to type of medium used 


medium used quality with 
and type Standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 S27 123 50 41 
0-197 126 122 3 1 3 
20-49 415 374 35 6 27 
50-69 315 240 51 24 9 
70 or older 144 91 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 126 115 6 5 7 
20-49 415 378 26 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 O 7 
20-49 415 393 20 2 29 
50-69 315 269 32 14 id 
70 or older 144 99 25 20 5 


“Adapted from Macht! tin some patients in this age 
group, higher than recommended doses were used. 

In theory: “The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects." 


In practice: "The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category." 


In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: ffrst, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium.! 


For brief summary of prescribing information, 
please refer to the end of this advertisement. 


definition of 
safety... 


demonstrated in animals...Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest. Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: "We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO; concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material."? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments.'? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley* injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et a/.5 reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. "When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. ...''5 


“In the case of the methylglucamine compounds, 
the same dissociation takes place. However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism." 

proved in practice... Paralleling similar findings in 
animals, Clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all intravascularly injected contrast agents, 
the possibility of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
Side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 6% incidence of side effects. The 
authors concluded: “It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients....’’ 


In a 74-patient study,” comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: “With confused patients who 
are to have arteriography under local anesthesia, 
it is particularly desirable to have an agent that 
causes little pain.” In this study, since “...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cent Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory.” 


better tolerated even in pediatrics...Citing some 
difficulties in administering contrast agents intra- 
venously to children, Strasser et a/.® selected 
Renografin-60 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: “The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium."? 


For brief summary of prescribing information 
please refer to the end of this advertisement. 


definition of 
efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 
trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages — including renal pelvis, 
ureters and: bladder — may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence...|n a comparative 
study? of 3 contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 
perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et a/.,° 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. ‘‘Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (97%) of the cases, demonstrating 
the great diagnostic value of this procedure.” And, 
as noted previously, Shealy found the contrast 
agent to be “quite satisfactory” in 1,500 carotid 
arteriograms.’ 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H.W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et al.: Angiology 15:107 
(Mar.) 1964. 5. Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar. 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 


Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelihood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is ‘often indicated by tran- 


sient burning and flushing, pain, “jump-like” 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 


The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite a 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxyl) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full details the Package Insert should be read. 
Supply: Renografin-60 is supplied in vials and 
ampuls as a sterile aqueous solution providing 
60% meglumine diatrizoate containing approxi- 
mately 29% firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S. P. 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. 


SQUIBB 


The Varian Clitac « 


...the proven operating 
advantages of linear 
accelerator radiotherapy 
for the same investment 
youd make in Co60. 





yriiigs you these 
features: 


e High constant output: 350 rads/minute;  * Adaptable to programmed treatment 





more treatments per day and recording 
* 4 MeV X-rays * Optional fully-motorized treatment 
« 3 mm focal spot, negligible penumbra couch 


e Large fields to 32 x 32 cm at 80cm TSD  * Optional arc or rotational therapy 


e 360° rotation, isocentric e Choice of lease or purchase 


e Rotating clinical X-ray head e Worldwide installation and 


e Compact, occupies only 50 square feet field engineering service 


PLUS, a new solid state control console: 
requires little more space than an office 
typewriter 





Send today for complete specifications and delivery information 


varian 


radiation division 





Main Office: Eastern Office: European Office: 
611 Hansen Way 290 S. Livingston Avenue Varian AG, Baarerstrasse 77 
Palo Alto, California 94303 U.S.A. Livingston, New Jersey 07039 6300 Zug, Switzerland 


(415) 326-4000 (201) 994-0066 Tel. 42-44555 
e Telex: 845-78841 or 845-78842 





Les Meyers is not a radiologist, but he's 
fussy about X-ray tables. He builds them. 


Les Meyers works for the Standard X-Ray Company. 
He works in a tradition of craftsmanship that Standard 
has established through 53 years of building superior- 
quality X-ray equipment. When he builds an X-ray table, 
it's got to be right. 


This same tradition of craftsmanship holds true for 
every piece of X-ray equipment built by Les Meyers 
and the other specialists at Standard. That's why 
Standard equipment has earned a reputation for long 
life, standing up under heavy use, and requiring virtu- 
ally no maintenance. 


There's more to the story than craftsmanship alone. 
standard X-ray equipment is based on sound design 
that encompasses all modern refinements. As a case in 
point, consider the Ultima 105 Radiographic-Fluoro- 
scopic X-Ray Table that Les Meyers is building in the 
Illustration above. 


The Ultima 105 is a heavy-duty table that tilts to a 
90* vertical or a full 15? Trendelenberg. It features 
coast-free tilting, an automatic horizontal stop, and a 
convenient sloping front that lets you stand comfort- 
ably close to the table surface. 


Like other Standard equipment, the Ultima is avail- 
able with the options and modifications that you want. 
It never becomes obsolete because you can up-grade 
it at any future time to meet changing requirements. 


Your local Standard X-Ray Dealer is ready to tell 

you all about the Ultima 105 Table as well as other 
standard X-ray equip- 
ment and accessories. 
For the name of your SIANDARD 
dealer and a copy of 
our brand new catalog, 
iust write us. 





STANDARD X-RAY COMPANY 
à subsidiary of Cenco Instruments Corp. 
1932 N. Burling St., Chicago, Ill. 60614 


No two ways 
about redi-FLOW 


(Gastric Suspension Barium Sulfate 30% w/w) 


Site 


It's the pre-mixed, 





stable suspension, e GASTRIC SUSPENSION r 
: : - led-HLOW' 
barium-in-a-can IS E 
Lo BARIUM SOLFATE SOS 
that's always the same. MR — i 
i DER Ia 
| 


No two ways about redi-FLOW™ (gastric suspension barium sulfate). 
It's always the same. Get the picture you want with the same patient at 
later dates because there is no variable factor in the mixing. redi-FLOW '" 
(gastric suspension barium sulfate) is always ready-made to the same 
specifications of barium content, of specific gravity, of suspension, and 
of flow properties—day after day, month after month. It flows evenly 
as a consistent, uniform column of barium—doesn't precipitate in gastric 
fluid or small bowel. Your patients will love it. But don’t let them have 
all the pleasure . . . try some yourself . . . it tastes like a good milkshake. 
No two ways about it-you'll like redi-FLOW™ (barium sulfate sus- 
pension). Test it by using the coupon. 


Subsidiary of Flow Laboratories, Incorporated 
1070 Linda Vista Avenue, Mountain View, California 94040 











Send redi-FLOW™ (gastric suspension barium sulfate , 30% w/w) samples to: 
l 
i 
Name | 
a a e tA | 
Address | 
City State Zip | 
| 
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“Silent” gallbladders 
speak more clearly 
with Telepaque 


With Telepaque no picture of the gallbladder tells you plenty —usually, 
the presence of gallbladder disease*. When you get full visualization, you 
can be sure there is no gallbladder disease. And with Telepaque you can 
depend on your diagnosis! 


Telepaque actually provides a dynamic picture of gallbladder [unction— 
not just merely a static or passive filling effect. This is why Telepaque, 
with its unexcelled record of diagnostic accuracy, 98.3% to 100% in 
large-scale studies, has long been the contrast agent of choice in oral 
cholecystography and cholangiography. 


Contraindications: Contraindicated in advanced hepatorenal disease or severe impairment of 
renal function, severe gastrointestinal disorders that prevent absorption, and in patients sensitive 
to iodine compounds, 

Precautions: Severe, advanced liver disease may interfere with metabolism of Telepaque, thus 
increasing the excretory load on the kidneys, Although renal difficulty has rarely been attributed 
to Telepaque, renal function should be assessed before cholecystography in severe, advanced 
liver disease, and renal output and hepatic function should be observed for a few days after the 
procedure. Patients with preexisting renal disease should not receive high doses of cholecysto- 
graphic media. Possible renal irritation in susceptible individuals could result in reflex vascular 
spasm with partial or complete renal shutdown, Caution is advised in patients with coronary 
disorders, especially those with recent symptoms of coronary artery disease, Blood pressure 
should be observed after administration of cholecystographic media to these patients. Elevation 
of protein-bound iodine for several months and false positive urine albumin tests ifor three 
days) may occur after ingestion of iodine-containing cholecystographie media. 

Adverse Reactions: Most reactions are mild and transitory ; serious side effects are very rare. 
Gastrointestinal effects (diarrhea, cramps, nausea, vomiting) are the most common. Usually the 
diarrhea consists merely of a few loose stools, although in isolated cases it may be severe, A mild 
stinging sensation during urination may occur, and rarely, skin rash, urticaria, pruritus, and 
flushing. One case of thrombocytopenia has been reported in a patient with a history of conjunc- 
tival hemorrhages. Subjective complaints have been: dryness of throat, burning on swallowing, 
heartburn, sore throat, dizziness, and headache. 

Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. 


of 500. 


*However other unusual causes of nonvisualization are occastonally encountered, 


® 
Tele a T for precise oral cholecystography 
and cholangiography 
brand of SOpanoic acid 


Mimhro WINTHROP LABORATORIES 
LU inthrop | PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS New York, N.Y. 10016 





Bright View 
Light Effort 


Film viewing... stacking, handling and re- 
handling. More patients daily, faster film 
availability. 

When film viewing becomes a heavy prob- 
lem, there's a great way to solve it—a 
General Electric Fluoroline Multiple Film 
Viewer System. Any one of the many 
Fluoroline viewers will brighten and lighten 
your interpretation time conserving your valu- 
able hours. And you have the choice of mobile 
magazine units that are loaded in the pro- 
cessing area, then delivered to you ready for 
rapid and random viewing. Each removable 
magazine holds up to 80 (14" x 17"), 280 
(8" x 10") or 440 (5" x 7”) radiographs. 
You can select from vertical, horizontal, free- 
standing or in the wall models. Whatever 
your choice, you are assured of functional, 
efficient operation and bright, uniform illu- 
mination. Ask your General Electric repre- 
sentative to show you what we mean by 
film viewers for radiologists who would 
rather diagnose films than handle them. The 
Fluoroline story is a real eye opener, 





X-RAY DEPARTMENT © MILWAUKEE, WIS. 53201 











FLUOROLINE' 


MULTIPLE FILM VIEWERS 
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Good ol’ reliable Sanchez-Perez. 


But you can't expect 1t to las 


forever. 
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Sure, the drive 
chain assembly 
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maybe not as well 
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Your technician 
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now. 


Isn't it about time for an overhaul? After all, time 
takes its toll—even on such a simple, dependable 
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all those years ago. 

For about a third of the cost of a new one (and that 
wasn't much in the first place, remember?), we'll run 
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"This pen and ink drawing was done by a renowned Flemish painter. 
De you know who it was? 


Heir to a proud legacy... Agfa-Gevaert fol- 
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EXPLORE X 


RADIOGRAPH INTENSIFIER 


ILLUMINATOR VIEW 





Expands Your Radiographic View 


Electronic radiograph intensification—only General Electric Explorex 
gives you this diagnostic p/us. The Explorex extends visual horizons 
by allowing you to contro! detail emphasis, edge enhancement, gam- 
ma enhancement, reversal of negative to positive image, brightness, con- 
trast, magnification, minification and input selection. Those challenging, 
difficult-to-diagnose radiographs become easier to interpret when 
viewed on the Explorex. And remote consultation is possible through 
full-function satellite stations. Explorex, the only electronic radiograph 
intensifier. Your GE X-Ray representative has all the details. 


Progress is our most important product 


ELECTRIC 


X-RAY DEPARTMENT * MILWAUKEE, WIS. 53201 
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about redi-FLOW 
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No two ways about redi-FLOW"" (gastric suspension barium sulfate). 
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This generator stays on the job 


Keleket brings you second generation HARLECH 
solid state X-ray controls with the advanced tech- 
nology of integrated circuits and a 24 month war- 
ranty — another industry first. 


For the full story on the Harlech by Keleket, 
call your local representative. 


Í pÆ KELEKET , 


A Division of Laboratory For Electronics, Inc. * 
WALTHAM, MASSACHUSETTS 02154 ., 
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— on the same mattress 


Write for details of the E-S system for transport and care of casualty patients. 


ELEMA-SCHONANDER, INC. * P.O. BOX 130 * MOUNT PROSPECT * ILLINOIS 60056 
Telephone 312 259-7206 


The British Journal of Radiology 
A monthly publication covering the fields of 


DIAGNOSTIC RADIOLOGY, RADIOTHERAPY, 
NUCLEAR MEDICINE, RADIATION PHYSICS, 
ULTRASONICS, RADIATION PROTECTION, 7 
RADIOBIOLOGY AND RADIATION CHEMISTRY i 


The British Journal of Radiology, which is the oldest radiological jour- 
nal in the world (having started in 1896 as The Archives of Clinical Ski- 
agraphy) now appears in a new format. The average of 80 pages per 
month and the number and excellent quality of the illustrations are be- 
ing maintained and the page size has been increased to 104% >< 7% in. to 


allow wider margins. 


An increasing proportion of editorial space is being used to publish 

original contributions in radiodiagnostic physics and technology, cellu- £ 
lar and human radiation biology, the >chniques for clinical investiga- | 
tion using labelled compounds and in ther rapidly growing fields on 

the fringe of radiology. A series of review articles on subjects of topical 

medical and scientific interest has also beei. inaugurated in addition to 

the presentation of selected papers which have been read at meetings 

of The British Institute of Radiology (of which this Journal is the offi- 

cial organ). 


obtainable from 
THE BRITISH INSTITUTE OF RADIOLOGY 
32 WELBECK STREET, LONDON, W.1 


and from leading booksellers all over the world 
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Tà MONARCH/90 


/ DIAGNOSTIC X-RAY TABLE 


p" ' 
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...tops in tables 


For routine examinations or special pro- 
cedures, the sturdy Monarch/90 is truly 
"tops" in any installation. This is the 
table that is built for ease of operation 
and for patient comfort. All controls 
are positioned for fast accessibility. 
Time-consuming coupling, parking and 
uncoupling of equipment is virtually 
eliminated. The Monarch/90 features 
powered 90-90 degree angulation and 


table-top movement at a touch and can 
be equipped with a wide variety of sup- 
plementary devices. When you order a 
Monarch, you choose the spot-film de- 
vice, image intensifier, tube support and 
patient safety and comfort features to 
meet your requirements. Check out a 
Monarch table soon. It's the finest table 
made for every fluoroscopic and radio- 
graphic requirement. 





ONARCH/90 


Servo-Controlled True Field Collimation 


Improved quality spot-film and fluoroscopic 
image is provided by electric servo-controlled 
GE True Field Collimator, now built into the 
Monarch/90. It allows for multiple levels of col- 
limation, resulting in an absolute minimum of 
off-focal-spot radiation. Servo control assures 
a definite visual relationship between control 


handle positions and collimator blade positions 
Fluoroscopic exposure area remains constant 
even as the spot-film device is moved towarc 
or away from the patient. The Monarch accepts 
a choice of top-loading or end-loading spot-film 
devices, or a Fluoricon Pedestal when a cassette 
facility is not desired. 





Model 8 Top-Loading Spot-Film Device 
features fully-powered cassette transfer, 
automatic dial sequencing and optional 
two-speed power assist; servo-collimator 
is manually controlled; especially de- 
signed for easy loading of 8 x 10 cas- 
settes from front or rear of table. 
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Model 9 End-Loading Spot-Film Device features push-button 
sequence selection—1 on 1, 2 on 1 horizontal, 2 on 1 
vertical and 4 on 1. Choice of manual or automatic fluoros- 
copic beam control; automatic collimation consistent with 
exposure pattern selection—manual collimation determined 
by position of control handles. End-loading design pro- 
vides fast, simple 91 x 91⁄2 cassette changing. 


Progress is our most important product 


GENERAL GO ELECTRIC 


Model 10 Fluoricon Pedestal c 
any one of three different requ 
—as a support for a Fluoricon 
and camera with no external su 
attachment device for all Fluorit 
external support; or as a fluc 
screen unit. 


Printed i 
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The 
most Important 
announcement from 
Abbott Radio-Pharmaceuticals 
since Abbott's entry 
into the nuclear field. 


= 
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This is the 
LOGIC™ Well Counter- 
only inches larger than this page ~ 
(12% x A4e x 13° to be exact) 


TM—-TRADEMARK 


in Nuclear Instruments 





The LOGIC Series—the most compact counting systems ever designed— 
is available now in 3 models. 


The LOGIC Counting Systems offer: ia 


Compactness (micrologic integrated circuitry) 


. * Dependability (pre-tested for 40 hours) ee a idu ae 
e Portability (25-35 Ibs.) contact your Abbott man 
e Versatility (choice of 3 models) who knows both instruments 
c 


Quality (backed by Abbott) and radio-pharmaceuticals 


ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS c) 
Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 


You are now look 
1200 feet of liver, kidney ... : 






...brain, heart 
lung, pancreas 
thyroid,and 
placenta studies. 





A reality because Nuclear-Chicago 
now offers a Magnetic Tape System for the 
Pho/Gamma'lll Scintillation Camera. 


You are, of course, looking at a reel 
of magnetic tape. It's the newest 
storage medium for data on the 
distribution of radioisotopes in body 
organs, as processed by our Pho/ 
Gamma lll. 

The tape is put through its paces 
on the tape transport in our new 
Magnetic Tape System. The clinical 
information itself is transferred to 
the tape from the Pho/Gamma lll by 
our multidimensional analyzer. 

All of this means that you can per- 
form a multitude of studies, on a 
variety of organs, under many differ- 
ent conditions, at any time, And you 
can record your data permanently, 


on tape, for later analysis. 

Then, you can play back the tape 
and, by means of the multidimen- 
sional analyzer, manipulate the data 
or re-orient it on a scope display for 
photographic recording. Or you can 
delineate the data and read it out 
digitally. 

Alternatively, if you have access 
to an off-line computer, you can feed 
the taped data to it and take full ad- 
vantage of the benefits of computer- 
processing of clinical information. 
Which means automatic analysis, 
correlation, and much more in a 
properly programmed computer. 

The man who knows all about all 





of the above topics is your Nuclear- 
Chicago sales engineer. Ask him 
about the Magnetic Tape System— 
and about our other new accessories 
for the Pho/Gamma lll, as well. Or 


simply write to us. edat 
Research in the Service of Mankind 
d 
NUCLEAR-CHICAGO 
CORPORATION 


A SUBSIDIARY OF G. D. SEARLE & co. 


307 East Howard Avenue 
Des Plaines, Illinois 80018, U.S.A, 


Donker Curtiusstraat 7, Amsterdam W, 


ILLUSTRATIVE 
CRANIAL 
NEURORADIOLOGY 
ALFRED L. SCHMITZ, M.D. 
Associate Clinical Professor of Radiology 
University of California at 


Los Angeles Medical School 
Los Angeles, California 


SAMUEL B. HAVESON, M.D. 
Assistant Clinical Professor of Radiology 
University of Southern California 
Medical School 


Los Angeles, California 


DUKE HANNA, M.D. 
Senior Neurosurgeon 
Daniel Freeman Memorial Hospital 
Inglewood, Caltfornia 


The vast majority of problems and conditions 
met with in the clinical practice of neuroradi- 
ology are discussed in this practical text. For 
the most part, cranial manifestations of gen- 
eralized disease have been omitted, and there 
has been no attempt to present an encyclopedic 
description of all the unusual and rare condi- 
tions encountered in neuroradiology. The com- 
mon errors which novices repeatedly tend to 
make have been stressed. 

Divided into three major sections, the volume 
covers 

* the plain skull 

* intracranial pneumography 

* cerebral angiography 

Detailed technical work is stressed 
throughout. 

By discussing only those findings which have 
been found valid by personal experience, and 
by describing fully those procedures which 
they personally have found reliable in practice, 


the authors have presented an outstanding 
volume. 


September, 1967 404 pp. (815 X 11) 
$31.50 532 il. 


American Lectures in Roentgen Diagnosis 
Edited by Lewis E. Etter 


Naa TUL Seals ofa Cava bata IR IG Naa RON CU orb bd M dc TUE CE MEE UERUÉ 


CHARLES C THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * lllinois * U.S.A. 
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You'll also be interested 
in these new books 


for roentgenologists . . . 


SELECTIVE RENAL ARTERIOGRAPHY: 
Its Application to the Diagnosis of Renal 
Vascular and Parenchymal Lesions by Ivan 
L. Bunnell, State University of New York at 
Buffalo. Feb. '68, 248 pp. (634 x 934), 183 il, 
$18.75 


AN ATLAS OF PATHOLOGIC PNEUMOEN- 
CEPHALOGRAPHIC ANATOMY by Gio- 
vanni Di Chiro, National Institute of Neurolog- 
ical Diseases and Blindness, Bethesda, Md. (2 
Contributors) '67, 594 pp. (11 x 8%), 926 il. 
(5 in color), $49.50 


PRINCIPLES OF RADIOGRAPHIC EX. 
POSURE AND PROCESSING (2nd Ed., 4th 
Pig.) by Arthur Fuchs, Rochester, N. Y. '61, 
300 pp. (7 x 10), 600 il., $10.50 


ROENTGENOGRAPHIC DIAGNOSIS OF 
BLADDER TUMORS by Erich K. Lang, 
Methodist Hasp., Indianapolis. Jan. '68, 132 pp. 
(7 x 10), 94 iL, 11 tables, $9.75 


ROENTGENOLOGY OF THE SPLEEN AND 
PANCREAS by Josef Rosch, Charles Univer- 
sity, Prague, Czechoslovakia. '67, 376 pp. (634 
x 934), 434 il, $29.75 


THE FUNDAMENTALS OF X-RAY AND 
RADIUM PHYSICS (4th Ed., 4th Ptg.) by 
Joseph Selman, Univ. of Texas, Tyler. Jan. '68, 
498 pp. 306 iL, 16 tables, $10.50 





Complete list of Thomas books 
for roentgenologists sent 


free on request 


uf 


Good ol’ reliable Sanchez-Perez. 


ut you can’t expect 1t to last 


forever. 


Does the 
drawer still 
fit exactly? 


Sure, the drive 
chain assembly 
still works, but 
maybe not as well 
as it should. 


Your technician 
might save some 
time if all your 

_ cassettes were 
lined-up, adjusted 
and polished— 
maybe even 
replaced. 


And after all, 
couldn't the old 
girl use a new 
coat of paint? 





Isn't the 
receiving 
compartment 
lining wearing 
a little thin 

by now? 


A complete 
rewire job 
couldn't hurt, 
could it? 


if you want us to, 
we'll add a new, 
improved locking 
system that 
doesn't take away 
a bit of your 
mobility. 


if you don't 
already have 
one, maybe 
you should 
add that 
Model 400 
programmer 


now, 


Isn't it about time for an overhaul? After all, time 
takes its toll—even on such a simple, dependable 
design as the Sanchez-Perez Automatic Seriograph. 
Maybe vou should send yours back to our factory— 
and have it reconditioned by the people who built it 
all those years ago. 

For about a third of the cost of a new one (and that 
wasn't much in the first place, remember?), we'll run 
your Sanchez-Perez back down our assembly line— 
replacing, repainting, rewiring, renewing. 

And deliver it back to you in like-new condition. 


THE AUTOMATIC SERIOGRAPH CORPORATION 


DIVISION OF LITTON INDUSTRIES 
Des Plaines, illinois 60018 


Box 5000 


How long will it take? About eight weeks. If you 
can't do without a changer for that long, we'll rent 
you another Sanchez-Perez while yours is being rebuilt. 

Of course, we'll be glad to sell you a brand new 
Sanchez-Perez Automatic Seriograph, if you prefer 
(we've made a few improvements, and it's still the 
only film changer in its price class). You probably 
can use an extra one to do bi-plane work. But no tell- 
ing how long the one you've got will last. 

If you keep sending it back to us every twenty 


years or So. 
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What's so special | 
about Halsey 
Film Dryers ?... 


Model No. 601-D 


The climate 
compensator 
control! 






Model No. 600-D 


It solves the humidity problem! 


The biggest bugaboo of film dryers is humidity in 
the darkroom . . . environmental moisture which 
turns the most efficient unit into a sluggish, slow- 
acting flop. 

Now HALSEY introduces the climate compen- 
sator — a system of air control that lets you shut 
out outside humidity when it’s too high... or bring 
in outside air when it’s cool and dry. 

The result... faster film drying — regardless of 
climate conditions! 





No. 600-D. Fatigue-free loading from the 
top. Handles 12 films every 20 minutes. 
Complete with automatic timer — a guard 
against fire hazard due to failure to turn 
off the heater. Dimensions: 23" wide, 33" 
high, 1712" deep. 


No. 601-D. Economy version of above — 
loads from the front. Recommended for 
stacking on top of No. 600-D for stoop- 
free loading, when extra capacity is de- 
sired. Dimensions: 23" wide, 33" high, 
17Y2" deep. Automatic Timer (No. 602-DT) 
available. 


No. 601-D-H. For restricted space — sim- 
ilar to No. 601-D, but almost 10" narrower; 
accommodates 6 films. Dimensions: 1312” 
wide, 33" high, 1712" deep. 


Through your dealer 


HALSEY X-RAY PRODUCTS, INC. 
1425-37th STREET, BROOKLYN, N. Y. 11218 


CHICAGO: 7321 Monticello Avenue, Skokie, Illinois 60076 
LOS ANGELES: 1816 W. 8th St., Los Angeles, Calif. 90057 





Red Seal X-ray film on 
Melinex®polyester base 


The premium Red Seal X-ray film now 
being supplied is made with an entirely 
new and highly efficient emulsion coated 
on Melinex polyester base and is designed 
to produce maximum radiographic 
information. 

Red Seal on Melinex base is a high 
speed film with excellent resolving 
power, resulting in minimum exposures 
and sharp, clean images. Fog is at an 
absolute minimum for a film of this speed. 
This new Red Seal emulsion will give 
equal satisfaction throughout the entire 
medical KV range. 


Standard X-ray film on 
Melinex polyester base 


Standard X-ray film on Melinex base, 
like Red Seal, is designed to produce 
maximum radiographic information. 

This fine film offers all the qualities 
sought by radiologists: high contrast, 
medium speed, fine grain (particularly 
suitable for use with high KVP 
techniques) ; exceptionally low fog level, 
and the famous Ilford batch-to-batch and 
box-to-box consistency. 

Standard X-ray emulsion on Melinex 
base is particularly recommended for 
all investigations where the highest 
contrast and definition are required. 


Both Ilford Red Seal and Standard X-ray films on Melinex assure superior 
performance in all “full cycle" and “half cycle" processing systems. In addition, 
these new films permit substantial reduction in drying temperatures. 
Packings include 300 and 500 sheet economy bulk packs, and 75 and 25 sheet 


cartons in all popular sizes. We invite a trial test of their excellence. 


WY 
KN 


ILFORD INC. 


601 West 26th Street, New York, N. Y. 10001 


1217 East El Segundo Boulevard, El Segundo, Cal. 90245 


3566 Elm Street, Hapeville, Ga. 30054 





MICROPAQUE now comes 


BARIUM SULFATE U.S.P. FORMULATION 





MICROPAQUE 


Ask your local Picker representative 
about our special introductory offer on 
Micropaquettes and Enema Kits. 

Call any local Picker office, or write 

Picker X-Ray Corporation, White Plains, New York. 


premeasured 
prepackaged 
for single-use 
by either route 
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WACROPAQUE s 


MICROPAQUETTES are now available with 
2 oz. or 4 oz. MICROPAQUE content. Simply empty 
a packet into your mixer, add indicated water, 
mix, and there's your correct dose. Content is 
premeasured by weight, not volume, so it's easy 
to whip up the exact quantity you need, with ac- 
curate control of density, making it as thick or, 
thin as you want. Convenient, time-saving. 


E PETROGRADO 





MICROPAQUE DISPOSABLE ENEMA 


KITS contain everything you need for a single 
enema: a plastic enema bag, six feet of tubing 
with a faucet connector on one end, a rectal 
acorn on the other, and 10 oz. of MICROPAQUE. 
To use, simply fill the bag with water, knead the 
bag to mix the charge, and promptly administer 
Discard after the examination . . . no measuring 
no pouring, no clean-up, no cross-infection hazard 


single-use economy 


either Way, theres no waste: you mix only as 
much as you need, one packet or bagful per patient. 
No unused surplus to squander down the drain. No pos- 
sibility of contamination with dust or dirt. 


either way, you combine the proven virtues of 
MICROPAQUE with new ease and accuracy in dis- 


pensing. 





SQUIBB 


a research concept in contrast visualization 


for better definition 
of disease: 
documenting 
differences 
between 

oral contrast agents 





no. 2 in series: 


Oragrafin 
Squibb Ipodate 


maximum 
concentration 

with better patient 
toleration in oral 
cholangiography and 
cholecystography 


For rapid or routine studies of the gallblad- 
der and biliary ducts, Oragrafin provides 
rapid, more complete absorption, for maxi- 
mum concentration and excellent contrast. 


definition of maximum concentration 

high absorption index— No one will dispute 
the statement that the diagnostic reliability 
of oral cholecystography depends upon the 
degree of absorption of the contrast me- 
dium employed.”' Radioisotope studies with 
ipodate sodium show a markedly improved 


absorption index (approximately 70 per 
cent) with no increase in the toxic proper- 
ties.! 


less bowel residue —"Incomplete and varia- 
ble absorption of a cholecystographic agent 
is not desirable, for the opacification of the 
gallbladder is then less dependent on the 
status of the gallbladder and more a re- 
flection of the percentage absorption. ? 
"Opaque material in the bowel was found 
in 46 per cent of [105 patients in] the... 
[iopanoic acid] group as compared with 9 
per cent of those [99] of the [Oragrafin So- 
dium Capsules]...group. ? In another study, 
49 of 100 patients receiving iopanoic acid 
had residue in the gastrointestinal tract, 
while only 15 of 100 patients receiving 
Oragrafin had such residue.’ 


excellent opacification—"|n addition to its 
ease of administration and safety, its prin- 
cipal advantages are a high yield of diag- 
nostic films...."^ 


definition of better toleration 

low incidence of untoward reactions — In 
contrast to findings with other cholecysto- 
graphic agents, Lewitan and Garcia? re- 
ported in their 246 patient study: "With 


ipodate calcium...there was no clinical evi- 
dence of immediate or delayed nephrotox- 
icity in any of the patients given it...."° To 
study possible renal toxicity, "Creatinine 
clearance tests were also done before and 
after administration of multiple doses in ex- 
cess of 6 gm. in 8 cases, and showed no 
significant alterations." ? However, “Multiple 
doses beyond 6 gm. are not recom- 
mended."? In their study of 120 patients, 
Glenn and O'Brien reported "...no reac- 
tions in this series of patients attributable 
to the administration of [Oragrafin]...."4 
And, McCrory reported that Oragrafin was 
"...used routinely in cholecystographic 
studies in approximately 2000 patients with 
excellent diagnostic films and only rare and 
mild reactions. 9 


side effects compared to iopanoic acid 


side effects encountered in administration 
of 3 Gm. of Oragrafin Sodium Capsules and 
3 Gm. iopanoic acid * 


Oragrafin Sodium Capsules 





(Squibb Sodium iopanoic 
Ipodate) acid 

no. of cases 99 105 
no. of side effects 
nausea 

slight 10 14 

severe 2 6 
vomiting 0 1 
diarrhea 

mild rs 22 

severe 3 16 
cramps 5 15 
dysuria 9 13 
total/per cent 36 (36.30) 87 (82.9%) 


* Adapted from White, W. W., and Fischer, H. W.2 


Juhl,3 in his study of 200 patients (100 on each agent), 
found no significant difference between iopanoic acid 
and sodium ipodate in the incidence of nausea; vomiting 
occurred in an equal number of cases. 





definition of convenience: 
Oragrafin’ 
Calcium 


Granules 
Squibb Calcium Ipodate 


visualization of poorly functioning gallblad- 
der reduces the need for I.V. studies— In a 
concentrating gallbladder, Oragrafin Cal- 
cium Granules (Squibb Calcium lpodate) 
will show storage, concentration, delivery 
or stones. A patent biliary duct can gener- 
ally be expected to visualize. Provided the 
cystic duct is patent, Oragrafin will visualize 
the normal gallbladder, the abnormal gall- 
bladder containing papillomata, nonopaque 
stones or radiodense calculi, and gallblad- 
ders where concentrating power is dimin- 
ished. 


patient convenience — Routine cholecystog- 
raphy night-before procedure is easy for 
patients to follow; palatable granules fur- 
ther enhance patient acceptability. Rapid 
clearance of medium permits same-day ad- 
ministration and gallbladder and ductal 
films, and, if necessary, same-day re-exam- 
ination; reduces need for |.V. studies. 


Optimal concentration in the hepatic and 
biliary ducts usually occurs within 1 to 3 
hours. Although the gallbladder is optimally 
opacified 10 hours after ingestion of the 
agent, diagnostically valuable information 
can often be obtained within 5 hours or less. 


rapid absorption permits 

same-day re-examination—To determine the 
cause of nonopacification after routine cho- 
lecystoaraphy, most physicians require re- 
examination by repeating the procedure at 
a later date (sometimes doubling dose), or 
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by administering more agent the evening of 
the first unsuccessful examination (again 
sometimes doubling dose), and repeating 
the study the next day. "The advantage of 
the calcium ipodate method is that the ex- 
amination can be completed in five addi- 
tional hours with a limited dose of contrast 
agent." 


a valuable medium for 

peroral cholegraphy* —Rapidly absorbed 
from the gastrointestinal tract, calcium ipo- 
date has been reported by some investiga- 
tors to be diagnostically superior to other 
oral cholangiographic contrast agents. With 
careful timing of the examination and the 
use of tomograms or laminograms, the fre- 
quency of good results can approximate 
that obtained with intravenously adminis- 
tered agents. According to Lewitan and 
Garcia,? the medium's relative safety 
makes it a valuable medium for peroral 
cholegraphy. Timesaving and economical 
Oragrafin Calcium Granules may be partic- 
ularly useful in certain patients for whom 
I.V. radiography presents potential hazards, 
such as elderly patients, those with cardio- 
vascular disease, or patients who may 
exhibit sensitivity to the test dose of an in- 
travenous agent. 


Unique among oral media, Oragrafin Cal- 
cium Granules permits same-day films of 
the gallbladder and ductal system. 


dosage schedule for films of gallbladder 
and ductal system 


8 A.M. 2 packets of granules 


9 A.M. visualization of ducts 
10 A.M optimal visualization of ducts 
1 P.M. visualization of gallbladder 


References: 1. Sanen, F. J.: Amer. J. Roent- 
gen. 88:797 (Oct.) 1962. 2. White, W. W., and 
Fischer, H. W.: Amer. J. Roentgen. 87:745 
(April) 1962. 3. Juhl, J. H., et al.: Radiology 
80:87 (Jan.) 1963. 4. Glenn, J. C., Jr., and 
O'Brien, P. S.: Southern Med. J. 56:167 


in oral cholangiography 
and cholecystography 


Oragrafin’ 
Squibb Ipodate 


for maximum 
concentration with 
better patient toleration 


(Feb.) 1963. 5. Lewitan, A., and Garcia, J. F.: 
Amer. J. Dig. Dis. 70:219 (March) 1965. 
6. McCrory, E.: J. Tenn. Med. Ass. 58:258 
(Aug.) 1965. 7. Crummy, A. B.: Wisconsin 
Med. J. 65:84 (Feb.) 1966. 


Contraindications: Contraindicated for per- 
sons sensitive to oral iodine compounds or 
for patients with combined renal and he- 
patic disease or severe kidney impairment. 
Gastrointestinal disorders, which may inter- 
fere with absorption, or liver dysfunction, 
which may result in inadequate biliary se- 
cretion of medium, are likely to result in 
unsatisfactory visualization. 


Precautions and Side Effects: Mild and tran- 
sient nausea, vomiting, or diarrhea some- 
times occur; but the incidence can be 
reduced by using the calcium granules and 
restricting the dosage to 3 Gm. Transient 
headache, dysuria, or abdominal pains may 
occur. 


Hypersensitivity reactions may include urti- 
Caria, serum sickness-like reactions (fever, 
rash, arthralgia), other skin reactions, and 
rarely anaphylactoid shock. They are more 
likely to occur in the individual with a his- 
tory of allergy, asthma, hay fever, or urti- 
Caria and in the individual who is known to 
be hypersensitive to iodine compounds. An- 
tihistamines and corticosteroids are used 
to control hypersensitivity reactions; but 
the occasional serious anaphylactoid reac- 
tions require the immediate use of epineph- 
rine or phenylephrine, oxygen, and intra- 
venous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Cal- 
cium Granules) is available in single-dose 
foil packets providing 3 Gm. of calcium 
ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in 
capsule form (Oragrafin Sodium Capsules) 
providing 0.5 Gm. sodium ipodate per cap- 
sule. 


SQUIBB 


The Priceless Ingredient’ in every product is 
the honor and integrity of its maker. 
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“Silent” galibladders 
speak more clearly 
with Telepaque 





With Telepaque no picture of the gallbladder tells you plenty—usually, 
the presence of gallbladder dee When you get full visualization, you 
van be sure there is no gallbladder disease. And with Telepaque you can 
depend on your diagnosis! 


Telepaque actually provides a dynamic picture of gallbladder function— 
not just merely a static or passive filling effect. This is why Telepaque, 
with its unexc elled record of diagnostic accuracy, 98.3% to 100% in 
large-scale studies, has long been the contrast agent of shies in oral 
choleeystography and cholangiography. 


Contraindications: Contraindicated in advanced hepatorenal disease or severe impairment of 
renal function, severe gastrointestinal disorders that prevent absorption, and in patients sensitive 
to iodine compounds. 

Precautions: Severe, advanced liver disease may interfere with metabolism of Telepaque, thus 
increasing the excretory load on the kidneys. Although renal difficulty has rarely been attributed 
to Telepaque, renal function should be assessed before cholecystography in severe, advanced 
liver disease, and renal output and hepatic function should be observed for a few days after the 
procedure, Patients with preexisting renal disease should not receive high doses of cholecysto- 
graphic media. Possible renal irritation in susceptible individuals could result in reflex vascular 
spasm with partial or complete renal shutdown. Caution is advised in patients with coronary 
disorders, especially those with recent symptoms of coronary artery disease, Blood pressure 
should be observed after administration of cholecystographic media to these patients. Elevation 
of protein-bound iodine for several months anc false positive urine albumin tests (for three 
days) may occur after ingestion of iodine-containing cholecystographic media. 

Adverse Reactions: Most reactions are mild and transitory; serious side effects are very rare. 
Gastrointestinal effects (diarrhea, cramps, nausea, vomiting) are the most common. Usually the 
diarrhea consists merely of a few loose stools, although in isolated cases it may be severe, A mild 
stinging sensation during urination may occur, and rarely, skin rash, urticaria, pruritus, and 
e eh case of ee is eee MALUS ina MN WES a eels et ae 


ari sore UE dicite and E 

Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. 

Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes of 5 and 25 envelopes; also bottles 
of 500. 


*However other unusual causes of nonvisualization are occasionally encountered. 


Telepaqu 


brand of lopanoic acid 


| WINTHROP LABORATORIES 
(Wi hint Shrop PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS New York, N.Y. 10016 


for precise oral cholecystography 
and cholangiography 
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In suspected brain pathology, 
find out fast with Pertscan-99m 


For brain scanning, Pertscan-99m provides 
more information with less radiation to the 
patient than any other related cerebral test— 
whether other radioisotopes or x-rays. And you 
get each projection fast—as little as 2 minutes 
with a camera, 15 minutes or less with rectilin- 
ear scanners. 


A 54-year-old man was hospitalized with pro- 
gressive weakness of the right side, followed by 
seizures of the right side (Jacksonian seizures). 
Brain scans showed an abnormal concentration 
of isotope in the left parasagittal area. Surgery 
revealed a meningioma, which was removed, 
and the patient recovered. 


The 2 scans above, showing the marked ab- 
normal uptake (which turned out to be a meni- 
gioma), were made with Pertscan-99m. This 
product is shipped Monday through Friday—and 
Sunday. Thus, brain scans can be scheduled 6 
days a week—Monday through Saturday. 


INDICATIONS: Adjunctive diagnostic aid in detecting 
and localizing intracranial rieoplastic (primary or 
metastatic) and non-neoplastic lesions. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to 
persons less than 18 years old unless the indications 
are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as all 
personnel; to prevent extracranial contamination be- 
cause this can lead to erroneous interpretation; and 
to differentiate areas of abnormal activity from areas 
of normal vascular activity. 804464 


Pertscan-99m 


SODIUM PERTECHNETATE Tc 99m 
Also available: 


Pertgen-99m 


TECHNETIUM 99m GENERATOR KIT 





ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS 
Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 
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Abbott announces 


If its a pulmonary problem, 


Macroscan-131 pictures it! 


To confirm 
(or rule out) its occurrence. 


| To estimate 
unilateral and regional function and perfusion 
of the lungs. 


To evaluate the degree of focal 
lack of perfusion. 


To evaluate the decreased re- 
gional blood flow that occurs without obstruc- 
tion of vessels. 


To evaluate the regional ische- 
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mia resulting from compression or obstruction 
of pulmonary arteries. 


ders: To evaluate the effectiveness of thera- 
peutic measures. 

Macroscan-131 is sterile and non-pyrogenic. 
It is ready to use and should not be heated 
prior to use. 


INDICATIONS: For scintillation scanning of the lungs to 
evaluate total, unilateral, and regional arterial perfusion 
to the lungs. 


CONTRAINDICATION: Radio-pharmaceutical agents should 
not be administered to pregnant women, nursing moth- 
ers, or to persons less than 18 years old unless the in- 
dications are very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken to 
administer the minimum dose consistent with safety and 
validity of data. The possibility of an immunological re- 
sponse to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in 
acute cor pulmonale, because of the temporary small 
additional mechanical impediment to pulmonary blood 
flow. A possible case of urticara has been 

related to a similar preparation. The thyroid 

gland should be protected by prophylactic ad- RR 
ministration of concentrated iodide solution. 
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Now, you can "see the liver 
without exploratory surgery! 


Liver scanning is employed to help determine 
the size, position, shape and functional integ- 
rity of the liver. Space-occupying lesions of 
the liver from all causes usually can be de- 
tected and diagnosed. Scanning is especially 
useful when serologic or other laboratory tests 
are equivocal or not useful. 

Colloscan-99m offers major advantages over 
earlier medical isotopes: 

It provides very high counting rates that 

can be readily detected. 

It is easily collimated and shielded. 

And because of its short half life (about 6 

hours) and fast clearance, the patient re- 

ceives minimum radiation. 


For these reasons, technetium sulfide Tc 99m 
has been called the agent of choice.!^? 

It is important to note that Colloscan-99m is 
formulated with low molecular weight dextran 
(dextran 40)—and not clinical dextran (dex- 
tran 75). 

Colloscan-99m is a sterile, non-pyrogenic, 
colloidal solution that can be administered as 
received—no preparation is necessary. It is 
shipped 6 days a week—Monday through Fri- 
day and Sunday. 

INDICATIONS: For indirect visualization of the liver, 
spleen, and bone marrow. 

CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant or lactat- 
ing women or to persons less than 18 years old un- 
less the indications are very exceptional. 
PRECAUTIONS: Care should be taken to ensure 
minimum radiation exposure to the patient as well 
as to all personnel. Physicians administering this 
agent should be prepared for emergency resuscita- 
tion in the event of an anaphylactoid reaction. The 
absence of a lesion in the scan does not neces- 
sarily denote the absence of lesions. 

ADVERSE REACTIONS: In more than 200 patient 
studies, there were 2 reported instances of hypo- 
tension requiring prompt supportive 

treatment. 
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1. Gottschalk, A., J.A.M.A., 200:630, 1967. BE 
2. Shingleton, W. W., et al., Ann. Surg., 163:685, 1966. 
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Carry out every 





Each case calls for 
its own blurring motion. 


The POLYTOME offers 
the widest selection. 


Even “‘oblique?’ tomography is 
possible with the Polytome. Film can 
be positioned so that it is parallel to 
the anatomical part under examination 
— for instance, the sacrum. 





LINEAR 


Linear motion provides excellent tomograms where short 
exposure times are necessary and where no bony struc- 
tures lie parallel to the movement, The layer thickness may 
be varied, since the angle of swing can be adjusted between 
10 and 50 degrees. Linear tube trajectory can be oriented 
throughout 360? for the Universal Polytome. Exposure 
times: 0.15-0.9 seconds. 


ELLIPTICAL 


With elliptical movement, blurring is complete at a maxi- 
mum long axis angle of 40°. An apt compromise between 
linear and circular movement, elliptical combines many ad- 
vantages of both. Elliptical movement can be oriented with 
reference to bony structures in the vicinity of the layer per- 
mitting full exploitation of optimum conditions without 
yshifting the patient. Trajectory can also be positioned 
throughout 360? for Universal Polytome. Exposure time: 
3 seconds. 


CIRCULAR 


The simplest of the multi-directional movements, offers 
complete blurring with unchanging radius and angles of 
29° and 36^, The choice of two angles provides a choice of 
two layer thicknesses. With the circular motion, however, 
rounded anatomical elements can create artefacts which 
can be eliminated with hypocycloidal motion. Exposure 
time: 3 seconds. 


Y 


HYPOCYCLOIDAL—Unique with the Polytome 


Hypocycloidal is the most sophisticated of the multi-direc- 
tional movements—its angle of swing is 48?. It provides 
perfect blurring due to complex multi-direction and length 
of swing. All structures, bony or otherwise, lying outside 
the selected layer can be totally obscured. Since the x-rays 
traverse the object at continuously changing angles, there 
is no preferential direction of blur, resulting in true repre- 
sentation of the part under scrutiny. This movement opens 
up new regions inaccessible with any other technique. Expo- 
sure time: 6 seconds. 


CIRCULAR ZONOGRAPHY 


Is the art of depicting thicker sections or ''zones'"' (from 
6.7cm to 1mm) by choosing small to very small blurring 
angles. On the Polytome, circular zonography can be carried 
out with very narrow angles of swing continuously adjust- 
able between O° and 20°. In circular zonography the tube 
travels 3 times more than it would for the same given angle 
in linear zonography, therefore a cleaner, clearer cut is 
obtained. Since zonography produces exposures in which 
only elements considerably remote from the zone are 


blurred, zonograms have much of the sharpness of normal 
radinoranhe 
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Horizontal Polytome featu 
tomographic and rou 


res easy change-over between 
tine radiographic procedures. 





THE INTEGRATED SYSTEM 


Research by leading users into factors which influ- 
ence tomogram quality demonstrates that results are 
significantly improved with the use of our integrated 
system consisting of Norelco three-phase generators 
with Norelco Super Rotalix tubes. 


MEDICAL 
DIVISION 





NORTH AMERICAN PHILIPS COMPANY, INC. 
100 East 42nd Street, New York, New York 10017 


VERSATILE APPLICATION 


There are two models of the Polytome— Universa 
and Horizontal. 


(A) The Universal version tilts from horizontal t 
vertical. 


(B) The Horizontal Polytome provides the same wid 
range of blurring motions while limiting table pos 
tion to horizontal plane. An extra radiographic Buc! 
is included. 


Both versions of the Norelco Polytome System | 
clude these extra features: 


a Heavy Polytome base, combined with Grossma 
principle of free-floating tube and film travel in arc 
circle — on one axis Of rotation — avoids additio 
blur often arising from equipment instability. 


= Constant exposure factors and collimation dul 
exposure ensure constant film blackening and ¢ 
stant magnification. 


u Prefocused, easily removable grid always rot 
in perfect synchronization with tube and film for : 
mum results. 


m Two constant enlargement factors (1.3 and 


a "Oblique" tomography with inclinable lower 
sette tray. 


a Minimum Layer thickness of 1mm. 
a Maximum Layer thickness of 6.7 cm. 


a Unusual simplicity of operation, easy altera! 
blurring motions. 





Picker. 
expeaites 
your work. 


The following pages highlight some of the ways in which new Picker 
developments are now making life simpler in radiologic examination, 

in ultrasonic diagnosis, and in Cobalt“ radiation teletherapy. 

Sometimes by improving control or increasing accuracy. 

Sometimes by using a motor instead of a muscle. 

Sometimes by automating complex procedures. 

Sometimes by improving reliability. 

Sometimes by simplifying and speeding service. 

Sometimes by reducing operating time. 

Sometimes by improving the quality of images. 

And always, by expediting your work. 

Your Picker representative has all the information on these developments. 
Or: write Picker X-Ray, 1275 Mamaroneck Ave., White Plains, N.Y. 10605. 





Serial angiography simplified: 
Picker calls in a computer. 


Radiopaque injection. X-ray exposure. 
Patient shifting. Angiography obviously re- 
quires that these elements and others (e.g., 
ECG,cinefluorography, etc.) constantly mesh. 
Up to now, people had to do all the required 
monitoring, coordinating, synchronizing and 
operating to make angiography work, to 
make the elements mesh. No longer. 

Picker has developed a practical punch- 
card-programmed system that automatically 
governs the procedural aspects of angio- 
graphic' examination. The system consists of 
the following four elements. 


Picker Computer Programmer 

The controlling card, prepunched to the de- 
sired specifications, actuates the Computer 
Programmer which then carries through all 
of the indicated sequential functions without 
any human intervention. This method not 
only enforces duplication of standardized 
techniques but permits easy modification by 
the preparation of a new card. The punch- 
card also serves as a permanent record. 





PSN: 
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Picker 420 CP Cassette Changer 

This unit can rapidly expose up to 20 cas- 
settes holding any size film up to 14" x 14”. It 
can handle virtually all angiographic proce- 
dures, monoplane or biplane. A motor-driven 
stand permits a single changer to be used in 
either the horizontal or vertical position. 


Picker Amplatz Cassette 

These vacuum-sealed cassettes yield high- 
resolution radiographs crisply defined from 
edge-to-edge, and out to the very corners. 
Picker supplies the entire system for the 
preparation of these cassettes. 


Picker Galaxy Pedestal Table 

A cantilever-type table whose motor-driven 
top automatically aligns the patient with the 
x-ray beam. Motor also elevates tabletop to 
most convenient working height. 

Check your Picker representative for de- 
tails or write to Picker X-Ray, 1275 Mama- 
roneck Ave., White Plains, N.Y. 10605. 

Picker expedites your work. 
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The almost "invisible" - 


X-ray generators: 
Pickers new Galaxy line. 


Our design goal for these new Galaxy gen- 

erators was not complicated: make them as 

invisible as possible. What's an "invisible" 

generator? A generator might be classified 

as invisible if it is unobtrusive in use because 

of three basic qualities: 

(1) Set-up time is rapid. 

(2) The need for service is minimal. 

(3) Downtime is minimal if service js required. 
We believe that an x-ray generator should 

do as it's told — rapidly, routinely, reliably — 

as much of the time as is possible without 

calling attention to itself. 





And the new Galaxy generators do indeed 
meet these specifications. They set-up fast 
with control panel logic that speeds opera- 
tion. They're built throughout with exception- 
ally reliable computer-grade components. 
They're easy to service: front access to 
plug-in modules radically reduces downtime 
(and cost). For the details on the Galaxy 
line, ask your Picker representative about 
our almost "invisible" x-ray generators. Or 
write: Picker X-Ray, 1275 Mamaroneck Ave., 
White Plains, N.Y. 10605. 

Picker expedites your work. 
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Ultrasonic diagnosis is now 
simplified: Picker introduces 
anew display system. 


The time and annoyance of having to photo- 
graph a series of laminographic scans is 
now eliminated with Picker's new videosonic 
display system. This system lets you disc- 
record up to 60 separate cross-sectional 
images for "instant replay" on a TV monitor. 
This simplifies diagnosis in two ways: (1) 
rapid viewing of the cross-sections in se- 













quence facilitates the "seeing" of a three- 
dimensional image, and (2) the TV monitor 
presentation closely approximates the actual 
size of the bodypart being examined. 

This then represents another fundamental 
advance in ultrasonic diagnosis, an increas- 
ingly important technique for visualization 
without radiation. And Picker now offers a 
wide choice of practical, easy-to-use ultra- 
sonic instrumentation. If you would like de- 
tailed information on this line of equipment 
—or on the use of ultrasonic diagnostic tech- 
niques—please let us know. Picker X-Ray, 
1275 Mamaroneck Ave., White Plains, N.Y. 
10605. 

Picker expedites your work. 
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Pickers new Cobalt® units: 
accuracy goes up, 


set-up time goes down. 


Virtually every improvement in our new 
Cobalt? equipment serves to provide im- 
proved treatment accuracy and/or re- 
duced set-up time. So review these spe- 
cific points below in terms that are most 
meaningful to you: accuracy and time. 

New precision in isocentric beam align- 
ment, accuracy being held to 2mm. 

A new articulated multivane collimator that 
delivers any field size from 3 cm x 3 cm to 
35 cm x 35 cm with minimal penumbra over 
the entire range. 

Remote control of all compound beam 










angulations by complete motorization of all 
three sourcehead motions, including biplane 
swing within the supporting yoke. 

A new field-defining projector which not 
only casts a lightpatch on the skin, but simul- 
taneously projects a scale showing source- 
skin distance at any moment. 

A new isocentric treatment stretcher, 
whose motor-driven tabletop can be raised 
or lowered by identical switches on either 
side in the table body. Retained is the unique 
separable feature that permits removal and 
substitution of a treatment chair, or instant 
withdrawal of patient from radiation beam in 
an emergency (subsequent realignment of 
table to vertical beam axis is automatic). 

For all the details, see your Picker repre- 
sentative or write Picker X-Ray, 1275 Mama- 
roneck Ave., White Plains, N.Y. 10605. 
Picker expedites your work. 
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aster film processing, more patients, fewer radiologists have created a problem! 


New high capacity Panoramascope. 
breaks film-viewing bottleneck! 





Fixed standard 18" x 60" view box 
for comparing old films. 
200 x-rays can be loaded into motor- 
driven clear plastic belt. 
Numbered frames on plastic belt pro- 
vide for easy case identification. 
Two 90-watt, 60-inch fluorescent tubes 
gives uniform illumination. 
27-inch wide pull-out shelf wired for 
dictating equipment. 
Built-in indexed storage rack prevents 
lost or misplaced film jackets. 
Pushbutton control at ends of viewer 
moves belt forward and backward. 
27-inch wide x 20-inch deep pull-out 
writing shelf. 

(9) Base mounted on four ball-bearing 


swivel castors, foot-operated brakes 
on front two. 


Fanohamascope 


Patent Pending 
MODEL 200 


by RADX CORPORATION 





Now busy radiologists can push a button on this new pre-loadable viewer and 
diagnose 200 x-rays at one sitting without film sorting, and the films stay 
available for review by all residents and physicians. 


One of the many problems plaguing radiology departments today is 
the slow-down in the diagnosis of x-ray film. The new Panorama- 
scope Model 200 helps break this bottleneck by saving the radiologists 
time in allowing a technician to sort film and pre-load the film- 
viewer systematically by cases. The radiologists can then spend all 
of his time in film diagnosis. 


This is accomplished by the feature of a clear plastic motorized belt 
that travels horizontally in front of the view box, moves forward and 
backward at two speeds. This clear plastic belt, when fully loaded, 
will hold the equivalent of two-hundred 14” x 17” x-ray film 
negatives. 


These films are loaded in fifty frames numerically labeled one 
through fifty permitting the rapid indexing and reading of at least 
200 x-rays. 


The Panoramascope moves easily from room to room. Weighs 565 
pounds but rolls easily on heavy duty castors. It is 281 inches wide, 
77 inches tall and 701% inches in length. 


The Panoramascope is also available in a Model 400 which gives 
twice the viewing capacity in the same amount of space as the 200. 


Write for informative brochure and prices to: 


RADI "m Be ) 
EM ND 


P. O. Box 19164, Houston, Texas 77024 
or call collect: 713-468-3230 





EXTREME UPRIGHT POSITION FOR VOIDING CYSTOURETHROGRAPHY 
DURING TELEVISION VIEWING OR RADIOGRAPHY 


...note voiding stool (optional) for female patients and infants 


...another way that the 

L-F HYDRADJUST TABLE keeps you 
UP-TO-DATE with the 

latest in urological techniques! 


All the modern L-F innovations for Hydradjust Tables, like the 
voiding cystourethrographic stools shown above, 
are adaptable to new tables and those tables already in use. 


Write for brochures 
or see your X-ray equipment supplier _ 
for further information. 


; [= LIEBEL-FLARSHEIM COMPANY 
CINCINNATI, OHIO 45215 


DIVISION OF RITTER PFAUDLER CORPORATION 





IMPROVED 


Van de Graaff” 
ACCELERATOR 


Improved Model AM Van de Graaff is the result of 





experience gained in 40 previous installations. 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


Today's Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


e Its less than 3mm "point source" 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e Its treatment beam is accom- 
panied by negligible penumbra. 


e Its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


e its x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 





e |t can be operated easily by a 
technician without a staff physi- 
cist in attendance. 





The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. lt offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
~~ including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician. 


HIGH VOLTAGE 
ENGINEERING corporation 


BURLINGTON, 


MASSACHUSETTS 
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THE INFANTILE SELLA TURCICA* 


NEW ROENTGENOLOGIC AND ANATOMIC CONCEPTS 
BASED ON A DEVELOPMENTAL STUDY OF THE SPHENOID BONE 


By E. LEON KIER, M.D.f 


NEW YORR, NEW YORK 


HE roentgenologic assessment of the 

sella turcica in infancy has remained 
dificult and controversial in spite of the 
extensive literature dealing with the J or 
omega-shaped sella. As a result of a pre- 
vious study which investigated the roent- 
genologic implications of the developmen- 
tal anatomv of the normal optic canal and 
its anomalies," it became apparent that 
certain current roentgenologic interpreta- 
tions of the sella in infancy are anatomi- 
cally inaccurate. The continuing con- 
troversy regarding the clinical significance 
of certain roentgenologic features of the 
sella in infancy has resulted from the lack 
of objective criteria by which early patho- 
logic changes can be differentiated from 
normal growth patterns. This communica- 
tion will first describe an anatomic roent- 
genologic investigation providing these 
criteria. This will be followed by a reap- 
praisal of the past literature in regards to 


the validity of previously presented de- 
scriptions, definitions and etiologies of sel- 
lar abnormalities in infancy. 

The normal adult anatomy of the superi- 
or surface of the body of the sphenoid bone 
is shown in Figure 1, 7 and B. This study 
deals with the presellar sphenoid which 
consists of the planum (jugum) sphenoi- 
dale, limbus sphenoidalis, roof of the optic 
canal, chiasmatic sulcus (optic groove) 
and the tuberculum sellae (olivary emi- 
nence).° 37 The term, tuberculum sellae, 
as used in this study refers to the antero- 
superior margin of the sella turcica. The 
term, infantile sphenoid? will be used to 
describe cases in which the sphenoid sinus 
is roentgenologically not in contact with 
the superior surface of ae uu sphe- 
noid (Fig. 2, Æ and B). The term, adult 
sphenoid, will denote cases in which the 
entire presellar sphenoid is pneumatized. 
These terms will be used irrespective of the 


* Presented at the Fifteenth Annual Meeting of the Association of University Radiologists, Philadelphia, Pennsylvania, May 11-13, 


3 967. 


t Winner of Memorial Medal Award of the Association of University Radiologists, 1957. 
From the Dep artment of Radiology, Yale University School of Medicine, New Haven, Connecticut and the Department of Radiology. 


Albert Einstein College of Medicine, New York, New York. 


Supported in part by USPHS, Grant No. 1152 and N.EN.D. B, Grant No. 5299. 
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patient’s age. The inferior root of the lesser 
sphenoida] wing will be referred to as the 
opte strut.” 


MATERIAL AND METHODS 


The anatomic material which formed the 
basis of this study (Table 1) consisted of: 


1. Twenty-six sphenoids examined in 
cleared and alizarin stained. fetusest 
ranging in age from 7 to 17 weeks of 
development. 

2. Forty-five dissected sphenoid bodies 
in fetuses$ ranging from 20 to 40 
weeks of development. 

3. Eighteen dissected sphenoid bodies in 
infants$ younger than 5$ vears. 

4. One hundred sphenoids examined in 
dry adult skulls," age undetermined. 

The roentgenologic material (Table 11) 

consisted of lateral skull roentgenograms in: 


1. Fiftv fetuses ranging from 26 to 40 
weeks of development. 
2. Two hundred normal newborn in- 


fants. 
$ - OPI: au ST) P ul. ( S yer E AS Y . : ER X NA: f PESI * 
lic. f. Norm il adult sphenoid (A) Superior aspect 3. One hundred normal children with 
of sphenoid bone specimen. (B) Lateral skull er ER 
| : a infantile sphenoids. 
roentgenogram. Note that the optic canal roof 
(Q.C,R) is nota prominent structure in the lateral f Obtained on loan from the Department of Anatomy, College 
skull roentgenogram. A.C.- anterior clinoid pro- — of Physicians and Surgeons, Columbia University. 
cess: C.S eee atic sulcus: D.S. « dorsum sel $ Obtained from the Department of Pathology, Yale Univer 
aS) twee: Se ais í : A3. Jae. Un Jio Sir M 


| [uo asa aenea dal a PELAN c sity School of Medicine. 
4e; dO. = mous sphenonials; KLAN. = panum j Obtained in part from the Department of Anatomy Yale 


sphenoidale; T.S. = tuberculum sellae. University School of Medicine. 








Fic, 2. Roentgenograms of children with normal infantile and adult type sphenoids. (,7) In the infantile 
sphenoid, the upper wall of the sinus (arrow) is not in contact with the superior surface of the presellar 
sphenoid. (B) In the adult type sphenoid, pneumatization of the entire presellar region has resulted in the 
obliteration of distinct presellar structures. 
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ANATOMIC MATERIAL 





26 cleared and alizarin stained fetuses 7717 weeks — Tuberculum sellae is the last region to ossify during 

4$ dissected fetal sphenoid bodies 20- kid weeks prenatal period 

18 dissected bnt sphenoid bodies <§ years Variable posterior growth of planum sphenoidale 
determines width of chiasmatic sulcus 

100 dry skulls Adults Appearance of chiasmatic selene and tuberculum 


sellae related to degree of sphenoid sinus 
pneumatization 


Tape H 


ROENTGENOLOGIC MATERIAL 


(Lateral Dh roentgen arame ) 





Sphenoid Clinical 
Number Age ah AT Results of Study 
Type Status 
50 l'etuses Progressive ossification of anterior sellar wall 
s MEER 
200 Nave sa Normal 1. Planum sphenoidale not present 
Distinct bony tuberculum sellae present in 
98 per cent 
3. Intrapresphenoid cartilage present in 15 per 
cent 
4. Optic canal roof most superior sphenoid 
structure 
100 Children Infantile Normal 1. Optic strut not fully visualized 


2. Distinct tuberculum sellae present in all cases 
3. Limbus sphenoidalis distinct from underlying 
sphenoid in 18 per cent 


AT neret monens m Hen neret i enm e s snae renta ja Ie e gem P A AA M n t wer Prem Pret E A e ih rarae gp e nt PHI Ne ADIPI em ge S PATE pr MR a ata AA ASTA NI Mamm mieten ni ta rt i s it Mice n i NH enel mrt een a tA s niat rr hi és ae RADAR TIS ri I A AM rad 


100 Children and Adult Normal Pneumatization of sphenoid sinus may obliterate 
Adults chiasmatic sulcus and tuberculum sellae as 
distinct structures 
59 (Chikiren and Adult Abos Ig E PEE may dis distant " 
Adults retard abnormal presellar changes 


2. Rare presellar changes in craniopharyngioma 


85 Children Infantile Abnormal 1, Craniopharyngioma—frequent presellar ab- 
normalities 
Posterior fossa tumors with normal head size-— 
presellar abnormalities rare 
Mental retardation with normal head size-—no 


presellar abnormalities 

4. Hydrocephalus with increased head size— 
direct. relationship between head size and 
tuberculum sellae flattening 

5. Optic glioma—misinterpreted roentgenograms 
most common in this condition 

5. Gargoylism— presellar abnormalities present 

only with increased head size 


750 : 


4. One hundred normal cases with adult 
sphenoids. 

5. Fifty cases with sellar abnormalities 
demonstrating an adult sphenoid. 

6. Eighty-five children with abnormali- 
ties including intracranial neoplasms, 
hydrocephalus, mental retardation 
and miscellaneous skeletal problems. 
All these cases had infantile sphe- 
noids. 


Fetal age was determined by the crown- 
heel length* for the dissected specimens 
and by the occipitofrontal diameter"! for 
the roentgenologic material. The fetal and 
infant specimens for dissection were ob- 
tained by en bloc excision of the body and 
lesser wings of the sphenoid bone during 
autopsy. Following fixation in Io per cent 
formalin, the specimens were dissected 
free of their soft tissue and dural lining. 
The prenatal ossification and postnatal 
growth patterns were determined. The 
cleared and alizarin stained fetuses were 
examined and photographed, with transil- 
lumination as a light source. 

Selected specimens were roentgeno- 
graphed to determine the anatomic struc- 
tures visualized in lateral skull projections. 
The effects of roentgen-ray tube angulation 
and skull rotation were investigated. 


RESULTS 


A. DEVELOPMENT OF THE SUPERIOR SURFACE OF THE 
BODY OF THE SPHENOID ANTERIOR TO THE FLOOR OF 
THE SELLA TURCICA 


This development can be divided into 4 
stages: (1) chondrification of the sphenoid 
body; (2) prenatal ossification; (3) post- 
natal development of the planum sphe- 
noidale; and (4) variable posterior growth 
of the planum sphenoidale. 

Stage I. Chondrification of the sphenoid 
body. This stage was not investigated in the 
present study. According to Augier,! chon- 
drification first occurs behind the pituitary 
gland. The cartilaginous plate extends for- 
ward surrounding the stalk of Rathke’s 
pouch and forms the cartilaginous pre- 
sphenoid anteriorly. Fawcett! states that 
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the dorsum sellae chondrifies independently 
of the rest of the sphenoid. 

Stage 2. Prenatal ossification. The last 
region of the superior surface of the sphe- 
noid body to ossify, except for the dorsum 
sellae, is the anterosuperior margin of the 
sella. At the 16 week stage of fetal develop- 
ment (Fig. 34) the floor of the sella formed 
by the ossified postsphenoid is present. The 
lesser sphenoidal wings are well ossified. 
The lateral presphenoid center outlining 
the medial border of the optic foramen and 
a small deep middle presphenoid center are 
present. The region of the anterior wall of 
the sella ts still cartilaginous, round and 
superiorly convex. The term olivary emi- 
nence? is an appropriate description. This 
cartilaginous presphenoid olivary eminence 
is delimited posteriorly by the sharp an- 
terior margin of the postsphenoid; laterally 
by the bony union of the pre- and post- 
sphenoid at the level of the optic strut; and 
anteriorly by the paired lateral and single 
middle presphenoid centers.?^.* 

The cartilaginous presphenoid eminence 
becomes gradually ossified, in the last 
trimester, by backward and medial growth 
of the presphenoid centers? (Fig. 3, 4-D; 
and 4, A-D). A progressively smaller 
column of cartilage is found at the center 
of the ossifying presphenoid in the region 
of the anterior sellar wall—the future 
tuberculum sellae. This central cartilagi- 
nous column extends from the superior to 
the inferior surfaces of the sphenoid body. 
At birth the superior end of this column is 
ossified, although at times quite fragile. 
The intrasphenoidal portion of this column 
may not be completely ossified until the 
end of the first year of postnatal life. 

Thus at birth (Fig. 3D) the superior 
surface of the sphenoid body consists of: 
(1) the ossifying dorsum sellae; (2) the 
ossified postsphenoid (sellar floor); and 
(3) the ossified presphenoid forming the 
anterosuperior wall of the sella and extend- 
ing anteriorly towards the cribriform plate. 
Of note is the superior position of the roof 
of the optic canals on either side of the 
presphenoid. 
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hic. 3. Superior aspect of fetal sphenoidal 


bone specimens showing ossification of the presphenoid, (4) 


Cleared and alizarin stained skull base of a 16 week fetus (cartilage appears white, ossification centers 
appear black). The central presphenoid ts still cartilaginous (Ca. P. S). L. W.=lesser sphenoidal wing; 
O. F. optic foramen; P. S.= ossified presphenoid; PO. S. — postsphenoid (floor of sella). (B) Dissected 
sphenoid specimen of a 20 week fetus. Note the large round (olivary) cartilaginous eminence of the pre- 
sphenoid (Ca. P. S.) anterior to the floor of the sella. A. C. anterior clinoid process; C. C. F. = carotico- 
clinoid foramen; O. C. — optic canal. (C) Dissected sphenoid specimen of a 32 week fetus. Note the di- 
minishing size of the cartilaginous presphenoid (Ca. P. SJ. (D) Dissected sphenoid specimen of a 4 day old 
infant. The superior surface of the presphenoid is completely ossified. Note the superior position of the 


optic canal roof (O. C. R.) as compared with the presphenoid (P. S). D. S. dorsum sellae. 


Stage 3. Postnatal development of the 
planum sphenoidale. At birth, the planum 
sphenoidale, the smooth superior surface 
of the anterior sphenoid joining the two 
lesser sphenoidal wings, is not as vet formed 
(Fig. 3D). During the first vear of life the 
medial center of the presphenoid continues 
to enlarge in height, eventually fusing with 
the anterosuperior roots of the lesser 
sphenoidal wings (Fig. sA). This fusion 


results in. the formation of the planum 


sphenoidale. The two anterosuperior roots 
of the lesser sphenoidal wings mav enlarge 


and meet in the midline without the partici- 
pation of the middle presphenoid center. ^? 

Stage 4. The variable posterior. growth of 
the planum sphenoidale. The planum sphe- 
noidale may continue to enlarge in width 
by variable posterior growth. This growth 
occurs mainly in the first vear of life and 
overlaps the superior surface of the presphe- 
noid. During this growth the posterior 
margin of the planum--the limbus sphe- 
noidalis—1is separate from the underlying 
presphenoid (Fig. z, 47, B and C; and 6, 4, 
B and C). This separation mav remain 
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hac. 4. Lateral skull roentgenograms showing ossification of the presphenoid. Developmental stages com- 
parable to those in Figure 3. (ÆA) A 28 week fetus. The region of the future tuberculum sellae is not as 
vet ossified. Note the superior position of the optic canal roof (O. C. R). A. C. anterior clinoid process; 
P, S. presphenoid; PO. S. — postsphenoid (floor of sella). (B) A 34 week fetus. The anterior sellar wall is 
partially ossified. Note the size and prominence of the optic canal roof (O. C. R). The “intersphenoid syn- 
chondrosis" is actually the centrally located remnant of the cartilaginous presphenoid (Ca. P. 85). D. S. — 
dorsum sellae. (C) A 38 week fetus. The tuberculum sellae (T. S.) is further ossified. Note the flattening of 
the optic canal roof. (D) Normal 2 week old infant. Note the following features of the normal newborn 
sphenoid; (1) a planum sphenoidale is not present; (2) the anterosuperior margin of the sellar fossa---the 
tuberculum sellae (T. S.) is ossified and well defined; (3) the optic canal roof is prominent and the most 


superior sphenoid structure. 


present for a long period following the de- 
velopment of the planum (Fig. 7, Z, B and 
C). In the adult the 2 structures are fused 
together. 

The configuration of the superior surface 
of the definitive presellar sphenoid is 
governed by these variations in the pos- 
terior growth of the planum.™ 5? The region 
of the presphenoid not overlapped by the 
planum, will remain as the definitive chias- 
matic sulcus. Thus a narrow planum will 
be associated with a wide chiasmatic sulcus 


(Fig. 8,,7-D). A wide planum will be asso- 
ciated with a narrow chiasmatic sulcus. 

The posterior growth of the planum also 
increases the length of the optic canal roof 
which grows over the anterior clinoid pro- 
cess (Fig. 8). 


B. THE NORMAL ROENTGENOGRAPHIC NEW- 
BORN SPHENOID 
Lateral skull roentgenograms of 200 nor- 
mal newborn infants were reviewed and 
the following features noted (Fig. 4D): 
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in almost total coverage of the presphenoid. 
presphenoid (see Figure 6C). C. P. 


(1) a planum sphenoidale was not present; 
(2) a distinct and ossifed anterosuperior 
margin of the sella--the tuberculum sellae 


was present in 98 per cent of the cases; 
(3) 15 per cent showed 


intrasphenoid cartilage column--the so- 
called Ad enoid synchondrosis (Fig. 


64. (4) the roof of the optic canal pre- 
sented as the most superior sphenoid struc- 
ture; and (4) the craniopharyngeal canal 
was not visualized. 


C. THE NORMAL ROENTGENOGRAPHIC 


INFANTILE 

Lateral skull roentgenograms of 100 
normal children with an infantile sphenoid 
were bU and the following features 
noted: (1) all cases had a distinct antero- 
superior margin of the sella~-tuberculum 
sellae; (2) per cent showed the limbus 
sphenoidalis to be unfused to the underly- 


SPHENOED 
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The limbus sphenoidalis is still s 
C. — craniopharvngeal canal. 


the presence of 


Fic. g. Superior aspect of dissected infant sphenoi- 
dal bone specimens showing the formation of the 
planum sphenoidale. (4) A 3 month infant. Note 
the additional presphenoid center (X) between 
the PN roots of the lesser sphenoidal wings 
(LL. W a poe = = anteri or e D O. G 

* sellus: D. S.- = dorsum Pen 

p . c de (B) A 14 ix infant. A 

narrow planum sp shenoidale delimited posteriorly 

by a thin limbus sphenoidalis (L. 5.) is present. 

Note the wide uncovered presphenoid (P. 5.). 

(C) A 24 vear old infant. Note the marked poste- 

rior growth of the planum sphenoidale resulting 

eparate from the underlying 


ing sphenoid (Fig. 7, 4, B and C); and 
(3) the optie strut was seen only LN 
through the presellar sphenoid (Fig. 11, 7 
and 5). 


D. THE ABNORMAL ROENTGENOGRAPHIC 


INFANTILE SPHENOID 
The following were found to be the fea- 
tures of presellar abnormalities in the lat- 
eral roentgenogram of the infantile sphe- 


noid: (1) an absent bu erculum  sellae 
(Fig. 9, 7, B and C); (2) clear visualization 
of the optic strut Fia 12, 4~-D); and 


(3) true excavation of the chiasmatic sulcus 
ds ig. 14, .7 and B). An analysis of the ab- 
D infantile material in this study will 
be presented in the discussion section. 


E. THE ADULT PRESELLAR SPHENOID 


The normal adult anatomic and roent- 
genographic material demonstrated that 


54 . 
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the sphenoid sinus 


pneumatization of 
results in many changes of the appearance 
of the presellar region.? There is frequent 
obliteration of the tuberculum sellae and 


chiasmatic sulcus as distinct. structures 
(Fig. 25). The most serious problem noted 
in this study was the masking of abnormal 
presellar features by a developing sinus. 
This is demonstrated by the case shown in 
Figure 13, ¢ and B. 

Analvsis of the adult roentgenographic 
material with abnormalities revealed that 
pneumatization of the presellar sphenoid 
increases this region’s resistance to erosion. 
This is demonstrated by the case shown in 
Figure 10, Æ and B. These observations 
appear to confirm Mahmoud’s** findings 
that close association of the sphenoid sinus 
with the floor of the sella turcica plavs an 
important role im retarding pathologic 
changes in the latter when intracranial 
tumors are present. 


E. Leon Kier 


p — E 4 


hic. 6, Lateral skull roentgenograms demonstrat- 
ing various stages in the development of the 
planum. sphenoidale. (4) A 4 month infant. 
Planum sphenoidale (PLAN.) beginning to 
form. Developmental stage comparable with 
Figure z,7. Note the intrapresphenoid cartilage 
(Ca. P. 5.) and the well defined tuberculum 
sellae CE. 8.9. CB) A 12 month infant. Autotomo- 
gram. The planum sphenoidale is well formed. 
(C) A2 year old infant. Autotomogram. Note the 
posterior extent of the planum sphenoidale. The 


thick limbus sphenoidalis (L. S.) is still distinct 
from the underlying presphenoid (P. 5.). Com. 
parable with Figure £C. 


It appears then that the development of 
the sphenoid sinus may mask or retard the 
appearance of pathologic presellar changes. 
For these reasons the criteria of abnormal- 
itv of the infantile sphenoid may not be 
found in cases in which the sphenoid sinus 
wall is in contact with the superior surface 
of the presellar sphenoid. 


DISCUSSION 


The continuing controversy regarding 
the clinical significance of certain. roent- 
genologic features of the infantile. sella 
could be due to 2 factors: (1) marked nor- 
mal variability precludes the differentiation 
of the normal presellar sphenoid from path- 
ologic changes; or (2) certain deseriptions 
and definitions of the normal and abnormal 
infantile sella as presented in the literature 
are Invalid. 

The first factor has been investigated by 
this study in which we have correlated the 


x 
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developmental anatomy of the normal 
presellar sphenoid with its roentgenologic 
manifestations. With this information 
pathologic changes in the infantile sphenoid 
can be differentiated from the normal 
growth patterns. 

Burrows? comprehensive review points 
out the extensive literature describing the 
presence of the so-called J or omega shaped 
sella in many different. pathologic condi- 
tions as well as in normal cases. A review of 
this literature confirms Du Boulay’s* con- 
clusion that this whole subject still awaits 
clarification. A reappraisal of the previous 
literature was undertaken to assess the 
following points: (A) do the written de- 
scriptions correctly describe the accom- 
panying roentgenograms?; (B) are the 


descriptive terms such as the | or omega- 
shaped sella meaningful and have thev been 
used appropriately ?; (C) do the many 
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pathologic conditions described in the 


literature actually demonstrate presellar 
abnormalities ?; and (D) which of the many 
factors invoked as the etiology tor presellar 
abnormalities are significant? 
A. THE DESCRIPTIVE ROENTGENO- 
GRAPHIC CORRELATION 

The following descriptive terms pre- 
sented in the literature were evaluated as 
to their accuracy in describing the ac- 
companying roentgenograms. 

(a) “Excavation under the anterior clinotd 
process." Many authors in the literature 
describe their cases as showing an abnormal 
“excavation under the anterior clinoid 
process" or an “excavated chiasmatic 
sulcus." These reports, however, present 
normal  roentgenograms. Timme® and 
others, 335 utilized tracings of lateral 
skull roentgenograms to illustrate the 


Fic. 7. Roentgenograms demonstrating the 
notch (arrow) present prior to fusion of 
the limbus sphenoidalis to the underlying 
presphencid. This notch ts frequent dur- 
ing childhood and should not be mistaken 
for a persistent “intersphenoid syn- 
chondrosis." G7) 4 vear old; CB) 54 vear 
old; (C) 6 vear old. 
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Fic. 8. The definitive presellar sphenoid. C7 and B) Roentgenograms of children and (C and D) views of the 
superior surface of adult sphenoid specimens, demonstrating the inverse relationship between the widths 
of the planum sphenoidale (PLAN) and chiasmatic sulcus (C. 82. Note the vertical chiasmatic sulcus and 
small tuberculum sellae (EU. S.) in B. XN overgrowth of the anterior clinoid by the optic canal roof. 


normal and "excavated" sphenoid. This 
study has elucidated the anatomic compo- 


nents of the so-called excavation (Fig. 
1S, E). In the newborn the roof of the 
optic canal is a prominent sphenoid struc- 
ture. In infancy the optic canal roof retains 
its prominence because of its posterior 
growth over the anterior clinoid process 
during the development of the planum 
sphenoidale. Roentgenographically, the op- 
tic canal roof projects as a distinct curved 
line which forms the superior component of 
the "excavation." When the optic canal 


* 


roof is disregarded, it can be noted that 


ú 


the normal chiasmatic sulcus is continuous 
with the planum sphenoidale without evi- 
dence of true excavation. An imperfect 
lateral roentgenogram (Fig. 16, .7 and B) 


teu 


markedly accentuates this “excavation.” 
In the normal adult the optic canal roof 1 
not à prominent structure because of it 
fusion to the anterior clinoid process (Fig. 
Icd and £): 


(b) “Anterior extension of the pituitary 


S 
" 


fossa." Martin and Cushing?" introduced 


this term in their classic study of optic 
ghomas. They deseribed their material as 
showing “a recognizable anterior extension 
of the pituitary fossa which passes like the 
neck of a gourd under the anterior clinoid 
process, This is demarcated from the sella 
proper by the elevation made by the olivary 
eminence or tuberculum sellae." Anatomi- 
cally, there cannot be an anterior extension 
of the pituitary fossa if the tuberculum 
sellae is present (Fig. 17, .7 and 5). Analy- 


Sy 
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sis of their material shows the tuberculum 
sellae to be present in 4 of the 7 presented 


cases (Cases 1, 2, 3 and 6). As will be dis- 
cussed in a later section dealing with optic 
gliomas, Martin and Cushing were correct 
in their analysis of the anatomic compo- 
nents of their abnormal roentgenograms. 
However, their descriptive term, which 
has persisted in the literature, did not apply 
to their roentgenographic material. 


B. THE VALIDITY OF SELLAR 
DESCRIPTIVE TERMS 
Much of the present difficulties in. the 
assessment of the infantile sphenoid have 
resulted trom the uncritical use of the 
terms such as the J or omega-shaped sella. 
Certain abnormal cases demonstrate an 
absent tuberculum sellae. In these cases 
chiasmatic 


with a depressed or eroded 


sulcus. The term 


“T shaped” sella intro- 
: Į 
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duced by Davidof and Epstein” can be 
used to describe this type of presellar sphe- 
noid as 1t simulates the letter ] lying on its 
side (Fig. 12D). It should be noted that 
the roentgenogram to which Davidoff and 
Epstein originally applied this term demon- 
strates tuberculum sellae and chiasmatic 
sulcus erosion. The term omega-shaped 
sella^*!* could be used to describe cases 
of isolated true excavation of the chiasmat- 
ic sulcus (Fig. 145). If one insists on using 
these terms it 1s important to note that 
(a) these terms do not apply to the normal 
presellar sphenoid and (b) each term de- 
scribes different pathologic features. These 
distinctions have not been applied in. the 
literature. 

Summarizing the descriptive aspects of 
the past literature, 1t appears that: (1) 
some normal roentgenographic structures 
have been described as abnormal; (2) cer- 
tain descriptions have implied the presence 


hic. go. Roentgenograms demonstrating 
erosion of tuberculum sellae in. the in- 
fantile sphenoid. (7) Pontine glioma 
case showing a distinct. tuberculum 
sellae (T. 8.) at age 4 years. (B) Same 
case at age 64 years. The tuberculum 
sellae has been eroded. (C) À 2 vear old 
craniopharyngioma case showing tuber- 
culum sellae erosion. The erosion may be 
dificult te appreciate as the normal 
tuberculum sellae mav be quite small in 
this type ef presellar configuration (see 
Figure 85). 
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lic. 10. Case of cerebellar astrocytoma demonstrating resistance to destruction of the pneumatized tuber- 
culum sellae region. (A) At age to vears. Loss of sharp outline of floor and dorsum of sella ts noted. (2) At 
age 15 years. Marked destruction of the sellar floor ts present. Note that the region of the pneumatized 


tuberculum sellae (arrow) 18 intact. 


of abnormalities which are not present in 
the roentgenograms; and (3) descriptive 
terms such as the J shaped sella have been 
used to describe both normal and abnormal 
features. These problems have resulted 
from the lack of precise anatomic definition 
of the presented roentgenograms. When 
specific. anatomic descriptions such as 
“eroded chiasmatie sulcus ?" and “atrophy 
or underdevelopment of the tuberculum 
sellae"! are used, the descriptive roent- 
genographie correlation has been precise. 


The replacement of the terms such as 
the J or omega-shaped sella by anatomic 
descriptions would greatly simplify the 
assessment of the infantile sella. These 
terms, however, appear to be well en. 
trenched. A more precise and anatomically 
correlated use of these terms would greatly 
enhance their clinical significance. 


C. INCIDENCE OF PRESELLAR ABNORMALIUPFIES 


The abnormal material in this studv and 
in the previous literature was evaluated to 





Fac. ct. The optic strut in normal lateral skull roentgenograms. 67) Normally the optic strut is seen only 
faintly fArougA the chiasmatic sulcus. (A) Lateral aspect of sphenoid specimen in position simulating a 


lateral skull roentgenogram. The optic strut is the inferior root of the lesser sphenoidal wing (L. 
5.) and chiasmatic sulcus are partially obscured by the black marker simulating the 
| 


tuberculum sellae (T. 


W.). The 


optic nerve. A. C.ss anterior elinoid: D. S.= dorsum sellae. 
É + 
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lic. 12. The optic strut in abnormal lateral skull roentgenograms. (4) A 7 year old craniopharyngioma case. 
(B) A s year old craniopharyngioma case. (C) An 8 year old case with a parasellar su barachnoid cyst. Note 
the clear visualization of the optic strut in these cases. This phenomenon is only possible in the presence 
of tuberculum sellae and chiasmatic sulcus flattening or erosion. It is not present in normal cases. The optic 
strut should not be mistaken for the tuberculum sellae thus implying a lesser destructive process than is 
actually present. (D) Tracing of case in Æ demonstrating absence of the anterior sellar wall. 


determine the incidence of presellar ab- 
normalities. The following conditions were 
investigated: 

(7) Crantopharyngioma. Twenty-five sur- 
gically proven cases were reviewed. Nine of 
the 10 cases with infantile sphenoids dem- 
onstrated either isolated tuberculum sellae 
erosion (Fig. 9C) or combined tuberculum 
sellae and chiasmatic sulcus erosion (Fig. 
12, Æ and B). Two children with adult 
sphenoids showed similar abnormalities. 
Ten adult cases showed no presellar abnor- 
malities. 

In 3 adult cases the presellar region could 
not be evaluated because of total destruc- 
tion. Presellar abnormalities were present 


in the cases with infantile sphenoid pre- 
sented by Hertz and Rosendal?’ and other 
authors. Presellar abnormalities were 
rare in Hertz and Rosendal’s infants with 
adult sphenoids or in the adult material 
presented in the literature? *777? It appears 
that presellar abnormalities are a frequent 
feature of craniopharyngioma presenting 
in cases with infantile sphenoids. 

(2) Optic glioma. Review of the litera- 
ture reveals that the roentgenographic 
evaluation of the sella and presellar sphe- 
noid has been most controversial in this 
condition. The literature includes a number 
of optic glioma cases with roentgenographi- 
cally normal presellar sphenoids, which 
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Fic. 13. Case of arrested hydrocephalus demonstrating masking of an abnormal presellar sphenoid by the 
development of the sinus. (2) At age 6 years. Note the abnormal configuration with visualization of the 
optic strut. (B) At age 13 years. Pneumatization of the sphenoid has restored the normal presellar con- 
figuration. The optic strut is not seen. 


are interpreted as abnormal. Martin and 
Cushing?" were the first to draw attention 
to the roentgenographic appearance of the 
presellar sphenoid in cases of optic glioma. 
As a result of their paper and its interpre- 
tation by others, roentgenographic chias- 
matic abnormalities have been overempha- 
sized and overdiagnosed in the literature. 
However, a normal presellar sphenoid mav 
frequently be present in early cases of 
chiasmatic or optic nerve gliomas. This is a 
result of the following anatomic features: 
(a) Schaeffer’? in his dissection of 126 
cadavers noted that the optic chiasm was 
located on the dorsum sellae or the dia- 
phragma sellae in 95 per cent, and over the 
chiasmatic sulcus in only $ per cent of his 
cases. Similar findings were noted in a re- 
cent study? of 225 autopsies. Thus, presel- 
lar abnormalities may not be present in 
early lesions of the optic chiasm because of 
the chiasm's frequent posterior location. 
(b) Martin and Cushing's surgical illustra- 
tion (Fig. 178) clearly demonstrates the 
sparing of the chiasmatic sulcus and tuber- 
culum sellae by a tumor within the cranial 
opening of the optic canal. In this situation 
the only roentgenographic abnormality will 
be the presence of an elevated optic canal 
roof (Fig. 174). (c) In cases with small 
tumors, a pathologic upward displacement 


of the optic canal roof will not be detected 
roentgenographically because of the nor. 
mally superior position of the roof during 
early infancy. 
The wide variability in the appearance 
of the presellar sphenoid in optic glioma 
cases, which was pointed out by Holman,” 
can be explained by the location and size 
of the tumor. Thus the presenting roentgen- 
ographic features will vary and may show 
marked presellar destruction,^?? presellar 
erosion or flattening,^ ^ 29.314941 elevation 
of the optic canal roof???* or no abnormal 
changes.9?!27 This study's material in- 
cluded 4 cases of optic glioma in infantile 
sphenoid. Three of these showed no ab- 
normalities in the lateral roentgenogram. 
Martin and Cushing?? repeatedly stressed 
that the abnormalities present in their 
roentgenographic material were most likely 
due to “dilated optic foramina." Goalwin'? 
erroneously interpreted their material as 
showing “a deepened and enlarged sulcus 
chiasmaticus." It appears that Goalwin's 
interpretation has contributed to the per- 
sistence of overinterpreted cases presented 
in the literature. It should also be noted 
that Martin and Cushing did not use the 
term “J sella." This term does not apply 
to their material as the tuberculum sellae 
is present and was described as such in the 
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Fic. 14. True versus false excavation of the chiasmatic sulcus. (7 and B) A 3 year oid 


The Infantile Sella Turcica 





761 


PLAN. 





O.C.R. 






4 p 


case of optic glioma 


with neurofibromatosis. Note the excavation of the chiasmatic sulcus (C. S.) below the level of the planum 
sphenoidale (PLAN.). (C and D) A 2 year old with normal presellar Sheng. Note that the normal 
chiasmatic sulcus is continuous with the planum sphenoidale. The prominent optic canal roof (O. C. R.) 
should not be incorporated into a false diagnosis of chiasmatic sulcus excavation. 


majority of their cases. 

(3) Posterior fossa tumors. Fifteen cases 
of posterior fossa tumors with infantile 
sphenoids and normal head size were 
evaluated in this study. Only one case 
(Fig. 9, Æ and B) showed an abnormal 
presellar sphenoid. Review of the many 
cases presented in the literature reveals 
rare instances of presellar abnormalities. 
Hertz and Rosendal’? did not list posterior 
fossa tumors as a cause of tuberculum sellae 
and chiasmatic sulcus abnormalities. It 
appears that presellar abnormalities are 
rarely present in cases of posterior fossa 
tumors with normal head size and infantile 
sphenoid. 


study. 


(4) Hydrocephalus. Twenty-five cases of 
increased head size associated with an 
infantile sphenoid were included in this 
None of these had intracranial 
tumors or skeletal dysplasias. These cases 
demonstrated the frequent findings of a 
poorly defined planum, an elongated chias- 
matic suleus and thin anterior clinoids 
(Fig. 18, Z, B and C). Cases with increasing 
head size show ed an associated flattening of 
the tuberculum sellae (Fig. 20, Æ and B). 
Three cases with severely enlarged heads 
showed a completely absent tuberculum 


sellae. The possible relationship between 
increasing head size and tuberculum sellae 


flattening will be discussed in the section 
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hic. 15. Elucidation of the mythical "abnormal excavation.” (A, 
B and C) Children with normal presellar sphenoids. These are 
similar to the cases presented in the literature as showing 
"excavation under the anterior clinoid process." (D) Tracing 
similar to the ones presented in the literature to illustrate the 
"abnormal excavation." Note that the so-called excavation is 
à roentgenologic illusion resulting from the prominence of the 
optic canal roof (O. C. R.) during infancy. The laterally posi- 


tioned optic canal roof forms the superior component of the 
E so-called excavation and protects as a dense white line which 
appears to be continuous with the normal and midline chiasmat- 
ic sulcus (C. S). (CE) Tracing demonstrating the correct anatomic components of the "excavation," A. C, 


= anterior chinoid; PL. S. planum sphenoidale. 


malities. 

(5) Mental retardation. Twenty cases of 
mental retardation with infantile sphenoids 
and normal head size were included in the 
material studied. These showed no abnor- 
mal presellar features. Timme® claimed 


that his cases of mongolism showed “exca- 
vation under the anterior clinoid process." 
Review of his presented roentgenograms 
shows no abnormal presellar sphenoids. 
Subsequent authors!” have not found 
presellar abnormalities in mongolism. 

(6) Gargoylism. It is stated that the J 
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fig. 16. C4 and B) Children with normal presellar sphenoids. Note that the imperfect (X) lateral roentgeno- 
grams markedly accentuate the so-called excavation by further elevation of the laterally positioned optic 
canal roof (O. C. R.). 


shaped sella is a feature in gargovlism. by Taveras” and will be discussed further 


The material of this studv included 3 cases in. the section dealing with etiologies of 


* 


of gargovlism with infantile. sphenoids. — presellar abnormalities. 

These cases had normal head size and (7) Skeletal dysplasias. Nine cases of 
showed no presellar abnormalities (Fig. 19). various skeletal dysplasias with infantile 
The only gargovlism cases presented in the sphenoid were included in this study. None 
literature which demonstrate an absent 
tuberculum sellae and depressed chiasmatic 
sulcus are cases with an increased head 
sie 2255! Te is probable that the abnor- 
mal presellar sphenoid is a feature of the 
increased head size, rather than of the 


- + 


gargovlism itself. This has been alluded to 


eee 


hic. 17. The genesis of some current misconceptions. 
C4) This roentgenogram reproduced from Martin 
and Cushing’s optic ghoma article demonstrates 
an infantile sphencid with no abnormalities ex- 
cept for an elevated optic canal roof (O.C.R.). 
The anterior sellar wall is intact. Thus their de- 
scription of an "anterior extension of the sella" is 
inappropriate. This descriptive term has persisted 
in the literature and has been applied to normal 
infantile sphenoids. (B) Surgical illustration. re- 


sparing of the tuberculum sellae and chiasmatic 
sulcus by a tumor (T) within the cranial opening 
of the optic canal. Goalwin's overinterpretation of 
their material as showing a “deepened and en- 
larged chiasmatic sulcus" has persisted in the 
literature. (Reproduced by permission. from 
Archives of Ophthaimology, 1923, 52, 209-241. Ar- 
rows, IO.C. R.] and [T] added by present author.) 
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luc. 19. The overinterpreted sella in gargoylism. 
This 2 year old gargovlism case with normal head 
size demonstrates the tvpical frontal and mandib- 
ular features (arrows). The presellar sphenotd, 
however, is normal. The statement in the litera- 
ture that an abnormal presellar sphenoid is a con- 
stant finding in gargoylism should be restricted to 
cases with increased head size. 
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Fic. 18. G4, B and C) Children with in- 
creased head size demonstrating the fre- 
quent findings of: (1) narrow or poorly 
defined planum sphenoidale (PLAN); 
(2) elongated chiasmatic sulcus (C. 5.9; 

and (3) elongated and thin anterior ch- 

noid process. 


o n 


showed an abnormal presellar sphenoid. 


Although these conditions are men- 
tioned?!) as demonstrating J shaped 


sellae, no roentgenograms are presented 
for evaluation, except for the case pre- 
sented by New.’ The latter case had asso- 
ciated hydrocephalus and the appearance 
of the presellar sphenoid could be a result 
of the hvdrocephalus. 

(8) Neuroftbromatosis. he infantile 
sphenoid material evaluated included only 
2 cases of neurofibromatosis. One had a 
normal presellar sphenoid. The other is 
presented in Figure 14.7. Because of the 
association of neurofibromatosis with optic 
gliomas, the discussion regarding the roent- 
genographic features of optic glioma ap- 


plies also to neurofibromatosis. 


D. THE ETIOLOGY OF PRESELLAR ABNORMALITIES 


The following etiologies were reviewed: 
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Fic. 20. A case of hydrocephalus demonstrating presellar flattening with increasing head size. (7) At age 1 


year, Occipitofrontal diameter is 21 cm. (B) At age 


flattening of the presellar sphenoid in 5. 


(a) Suprasphenoidal masses. Dyke," Da- 
vidoff and Epstein’ and Holman? have 
postulated that presellar abnormalities in 
optic gliomas result from the presence of a 
tumor mass preventing or deforming the 
normal sphenoid development in the peri- 
natal period. The present study supports 
this theory. The region of the tuberculum 
sellae and chiasmatic sulcus ossifes late 
in fetal life and may be quite fragile in the 
postnatal period. Thus deformity of the 
ossifving cartilage by a prenatal tumor and 
compression or erosion of this region by a 
postnatal mass is a valid assumption. 

(b) Raised intracranial pressure. This 
study’s material and review of the litera- 
ture reveal only rare instances of true 
presellar abnormalities in cases of posterior 
fossa tumors with normal head size. Du 
Boulay and El Gammal's review!" of sellar 
changes in raised intracranial pressure 
does not stress presellar changes. The pres- 
ent studv did find, however, increased 
tuberculum sellae flattening with increas- 
ing head size. It is postulated, therefore, 
that the presence of tuberculum sellae 
flattening in hydrocephalus with increased 
head size, is not the result of increased 
intracranial pressure but may be due to 
stretching of the base of the skull. This 
would explain the rarity of presellar abnor- 
malities in posterior fossa tumors with 


2 years, Occipitofrontal diameter is 26 em. Note the 


increased intracranial pressure but normal 
head size. It may also explain the presence 
of abnormal presellar sphenoids in gar- 
govlism only when the latter condition 1s 
associated with increased head size. The 
presence of some sellar abnormalities in 
gargoylism has been elucidated by a recent 
study” which demonstrated the presence of 
large intrasellar subarachnoid cysts in 
several cases of gargoylism. This new re- 
port reinforces the importance of supra- 
sphenoidal masses as a cause of presellar 
abnormalities. 

(c) Developmental defect. Burrows* has 
postulated that the J shaped sella may be 
the result of defective cartilaginous growth 
at the region of the intersphenoid synchon- 
drosis. The present studv does not substan- 
tiate this postulate. The intrasphenoid 
cartilage is usually well ossified at birth, 
especially at the superior surface of the 
sphenoid. The normal notch between the 
limbus sphenoidalis and the underlying 
sphenoid should not be mistaken for a per- 
sistent intersphenoid synchondrosis. 


SUMMARY AND CONCLUSIONS 


A developmental study of the sphenoid 
was undertaken to provide objective cri- 
teria for the assessment of the infantile 
sella turcica. The past literature was reap- 
praised regarding the validity of pre- 
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e 
viously oo descriptions, definitions 
of sellar abnormalities in 
in fa nev. 

The developmental anatomy of the 
superior surface of the sphenoid anterior 
to the floor of the sella was inv estigatec 
anatomically and roentgenologicallv. The 
material consisted of: (a) 26 cleared and 
alizarin stained fetuses, 45 dissected fetal 
sphenoids, 18 dissected infant sphenoids, 
and 100 ru examined in drv adult 
skulls; and (b) lateral skull roentgenograms 
of so fees: 200 normal newborns, 100 
normal infants, 100 normal adults, zo 
adults with sellar abnormalities and 84 
infants with. abnormalities. All the infant 
roentgenologic material had a partially 
developed sphenoid sinus. 

This study has correlated the develop- 
mental anatomv of the presellar sphenoid 
with its roentgenologic manifestations. In 
addition, the following diagnostically sig- 
nificant points have been elucidated: 

(1) Pathologic changes of the presellar 
region (tuberculum sellae, chiasmatic sul- 
cus, planum sphenoidale and optic canal 
roof) are distinct from normal growth pat- 
terns. 

(2) Improper lateral 
grams may produce 
features. 

(3) Presellar abnormalities may be 
masked, distorted or retarded by a develop- 
ing sphenoid sinus. 

(4) Many of the reported cases demon- 
strating an "abnormal sella turcica’’ only 
show normal developmental patterns. 

(5) Only very few pathologie conditions 
present abnormal presellar features. 

(6) Descriptive terms such as the J or 
omega-shaped sella can be restricted to 
abnormal infantile sphenoids. 

(7) The presence of presellar abnormali- 
ties In suprasellar masses of early infancy 
result from erosion or pressure deformity 
of the late ossifying tuberculum | sellae 
rather than defective cartilaginous growth. 

(8) It is postulated that some presellar 
abnormalities in pathologic conditions with 
marked increase in head size may result 


skull roentgeno- 
"abnormal" presellar 
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from stretching and thinning of the base 
of the skull. 
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IHE LATERAL COMPRESSION ROENTGENOGRAM 
OF THE ABDOMEN IN PREGNANCY* 


By MELVYN H. SCHREIBER, M.D.,* aad LUIS B. MORETTIN, M.D. 


GALVESTON, TEXAS 


ATERAL roentgenograms of the preg- 
nant abdomen are valuable for a vari- 
ety of purposes and have certain advan- 
tages over anteroposterior, posteroanterior 
and oblique views. In the lateral study 
the fetus is seen to be relatively free from 
maternal bony structures and distracting 
gas and fecal shadows in the maternal 
bowel. For these reasons the lateral roent- 
genogram, ordinarily made with the patient 
recumbent, has been used to search for 
fetal abnormalities, to determine the pres- 
ence of more than one fetus, to locate the 
placenta, to seek signs of fetal maturity or 
fetal death, and to determine fetal position 
prior to intrauterine transfusion, The 
lateral roentgenogram has value following 
the injection of contrast material into the 
abdominal aorta for localization of the 
placenta? and may offer advantages in 
placental localization following opacifica- 
tion of the amniotic fluid.’ 
METHOD 
Certain technical problems must be 
overcome to obtain high quality lateral 
roentgenograms of the abdomen. Since the 
amount of tissue to be penetrated is much 
greater posteriorly than anteriorly, films 
exposed without regard for this difference 
will be underpenetrated in the region of the 
posterior part of the uterus and overex- 
posed near the maternal umbilicus. Several 
ways of overcoming this disadvantage 
have been suggested, and all have certain 
virtues. Bishop! described the use of 
special cassette containing two sets of 
screens of different speeds. The cassette 
is loaded with 2 films, and they are exposed 
simultaneouslv from 1 roentgen.ray expo- 
sure. One film is more heavily exposed 


(darker) and shows the posterior part of 
the uterine contents to advantage, while 
the other is lighter and shows the anterior 
part. Another corrective method emplovs 
the use of wedge filters at the tube head to 
compensate for the differences in thickness. 
Yet another technique involves compres. 
sion of the abdomen from side to side with 
a cloth band, but this does little to equalize 
densities. 

All of these methods have advantages, 
and high quality roentgenograms mav be 
produced using each of these techniques. 
In all of them, an effort is made to obtain a 
reasonably good view of the entire maternal 
abdomen and contents of the uterus, and, 
while this 1s often helpful and occasionally 
necessary, it 1s done at the sacrifice of de- 
tail as regards the fetal parts. When in- 
terest centers primarily in the fetus, as for 
example in the prediction of fetal age and 
maturity, a different approach may be 
more suitable. We have used a device which 
compresses the maternal abdomen ante- 
rior and inferior to the rib margins and 
anterior to the pelvis. Its purpose is to 
immobilize the fetus, diminish the thick- 
ness of the uterus and render all parts of 
the uterus and maternal abdomen of rela- 
tively equal thickness so that a film may be 
exposed which will show all parts of the 
compressed abdomen and uterus with 
equal clarity and density. P à device 1s 
illustrated in Figure 1, Æ and B, and 
table of exposure factors for various thick- 
nesses of the abdomen (measured from the 
top to the bottom of the plexiglass plates) is 
presented in Table r. While this device is 
of our own design, the idea is not original. 
Similar devices are in use in Sweden and 
doubtless elsewhere. 


* Presented at the Fifteenth Annual Meeting of the Association of University Radiologists, Philadelphia, Pennsylvania, May 11- 
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Vic. 1. (4) The mechanical compression device is homemade, built of steel, brass and xexiglass. The upper 
A | , built. | g 

plate has rounded margins to fit the contours of the rib and pelvic margins of the mother. (B) The upper 
plate is lowered until the abdomen is tightly but not painfully compressed. 


The advantages of using such a device 
are as follows: the fetal parts located in 
the fundus and body of the uterus are seen 
with great clarity, and the distal femoral 
and proximal tibial epiphyseal ossification 
centers can ordinarily be sought and found 
with ease if present; the fetal fat line is well 
seen, and its degree of development can be 
appraised; the fetal lumbar spine 1s ordin- 
arily well shown, and it can be measured 
in an attempt to estimate the length of the 
fetus;? an over-all estimate of the size of 
the fetus is possible, allowing one to make 
a reasoned guess of the fetal weight. An 
unexpected extra advantage has been the 


remarkably clear demonstration of the 1m. 
plantation site of the placenta in a large 
percentage of cases. The disadvantages of 
the use of the device include the following: 
in a cephalic presentation, the head of the 
fetus is poorly seen; in a breech presenta- 
tion the fetal lumbar spine and knees mav 
be poorly seen; when the fetus is very small 
and lies largelv within the maternal pelvis 
the lateral compression. view may show 
little if anything of value. 


RESULTS 


The findings in the last so consecutive 
patients examined by this technique were 


TABLE I 


EXPOSURE FACTOR s* FOR VARIOUS THICKNESSES OF THE ABDOMEN 


cm. | 13 | 14 | 15 | 16 | 17 | 18 | 19 
eal Bu Ns s sns pede 
kep. 4 754 | 67 | 69 | 714 23 | 75 | 757 





b | 2e 1 
95 | ọ¢ 9s 1 1o 
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* Exposure factors for use with the compression device at 40 inches target-to-film distance, using par speed film, high speed sereens 
and a 16:1 grid in a Potter-Bucky diaphragm. All films are exposed at 30 mas. using the fastest possible time, Kilovoltage is determined 
from the above chart depending upon the distance in cm. from the tabletop to the top of the upper plate of the compression device. In- 
cluded in the kilovoltage figures is allowance for the grid and for the fact that the beam is collimated. The central ray is directed at the 


most posterior part of the compressed abdomen. 


MON 


evaluated. The authors examined the 
roentgenograms separately, and their re- 
sults were tabulated and are summarized 
here. Thirty-two of the patients’ babies 
were delivered within 7 days of the expo- 
sure of the film, and these form the sub- 
stance of this analvsis, 


FETAL MATURITY 

Twenty-eight of the infants were judged 
to be mature and 4 premature on the basis 
of birth weight and clinical examination. 
Criteria for the roentgenologic estimation 
of maturity included the following: pres- 
ence or absence of the epiphyseal ossifica- 
ton centers about the knee; presence and 
extent of development of the fetal fat line: 
length of the fetal lumbar spine; develop- 
ment of the fetal skeleton with regard to 
the thickness of the long and skull bones in 
particular; and an over-all impression of 
the size of the infant on subjective grounds, 
The 4 premature infants were judged to 
be premature on the basis of the roent- 
genographic findings by both examiners, 
Twenty-seven of the 28 infants thought to 
be clinically mature were considered ma- 
ture roentgendlogically by each examiner, 
Each examiner thought 1 infant to be pre- 


mature by roentgenologic criteria, who 
proved to be mature clinically both by 
subjective evaluation and birth weight. 


Thus, in over-all estimation of fetal matur- 
itv there was no case in which an infant 
was thought to be mature roentgenologi- 
cally and proved to be premature in fact. 
In one case each, the examiners underesti- 
mated fetal maturity. 

The degree of development of the fetal 
fat line was of only occasional value in esti- 
m ating the degree of fetal maturity (Fig. 
2). However, in 4 cases both examiners 
s the fe al fat line to be absent, and in 
all 4 the infant was premature at birth. In 
no case was the infant found to be pre- 
mature at birth when epiphyseal ossifica- 
tion centers about the knee were roentgen- 

ologically visible (Fig. 3, .7 and B). 
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Fetal birth idis was both 
underestimated by both examiners, 
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average error of estimation of birth weight 
for ws examiner was I1 oz. (range 0-44 
oz.). In no case did roentgenologic over- 
se iio ia of the birth weight lead to a 
roentgenologic impression of maturity when 
the infant was in fact premature at birth, 


FETVAL LENGTH 
Estimation of the crown-heel length of 


the fetus from measurement of the length 


of the lumbar spine according to the 
method of Fagerberg and Ronema? was 


possible in 26 patients in whom this figure 
could be compared with the actual length 
of the fetus at delivery (Fi ig. 4). The 
average error of each examiner in estimat- 
ing the length of the fetus at birth from the 
measured length of the lumbar spine was 
I.9 cm. (range 0-6 cm.). The length of the 
fetus was both underestimated and over- 
estimated, although most of the time it 
was underestimated. 


The fetal fat line is seen with great clarity. 
the anterior location of the placenta 
s left). 


I6. A. 
Also note 
(the mother is facing to the observer’ 
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Fic. 3. 4) The distal femoral epiphyseal ossification centers are clearly visible (arrows) in this fetus present- 
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clearly visible in this fetus presenting by the breech. 
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PLACENTAL LOCALIZATION 


" ^^ 


The placental site was localized in 27 of 
the 32 patients by the two observers. Be- 
cause of the likelihood that the compres- 
sion device displaces amniotic fluid with 
ease, it seems likely that the crescentic soft 
tissue opacity interposed between the 
fetus and the uterine wall represents the 
placenta when it is clearly seen (Fig. 5). 
Placental localization 1s certainly not ade- 
quate by this technique when the placenta 
is found to be partly in the pelvis, but 
when it is clearly and obviously in the 
fundus or on the anterior or posterior wall 
of the uterus near the fundus, it seems that 
placenta previa can be excluded with 
reasonable accuracy. In this series there 
was no clear verification of the location of 





Fic. 4. The length of the fetal lumbar spine can 
easily be measured in such a roentgenogram and 
the value obtained used as an aid in the prediction 
of fetal length according to the method of Fager- 
berg and Ronema.? Also observe the placenta Im- 
planted in the fundus posteriorly (the mother is 
facing the observer's left). 


’ 


y the vertex. (B) The distal femoral and proximal tibial epiphyseal ossification centers (arrows) are 


the placenta at delivery or Cesarean sec- 
tion in anv of the patients, and the pla- 
cental localization therefore remains a pre- 
sumption. However, in no case was the 
placenta found in the pelvis interfering 
with delivery from below where it had 
been clearly localized near the fundus of 
the uterus. 





mua Melvyn H. Schreiber and Luis B. Morettin 





Fic. $. The placenta is clearly seen as a crescentic 
soft tissue opacity implanted in the fundus poste- 
norly (the mother is facing to the observer's 
left). The fetal lumbar spine could easily be mea- 
sured on such a roentgenogram as an aid to the 
prediction of crown-heel length. Distal femoral 
epiphyseal ossification centers are not seen. 


DISCUSSION 


We have not made an objective com. 
parison between this method of fetal 
maturity prediction and any other and 
cannot, therefore, claim special advantages 
for this technique. We have been subjec- 
tively impressed with the better visualiza- 
tion of the fetus obtained by this method 
than bv any other we have used. Our evi- 
dence permits us to claim the ability to 
estimate fetal birth weight to within about 
3/4 of a pound on the average if the infant 
is delivered. within 7 days of the roent- 
genographic study. Moreover, the method 
has been sufficiently accurate that we have 
made no prediction of maturity when the 
infant proved to be premature, and indeed 
each observer made only one error in 
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maturity prediction in the series of 32 
cases described here. Confirmation of the 
value of visualization of the distal femoral 
epiphyseal ossification center as a measure 
of physiologic maturity was again obtained, 
and what we suppose to be accurate pla- 
cental localization was accomplished in 
about 4/5 of the patients, provided that the 
placenta was normally implanted. It may 
be that such a lateral compression roent- 
genogram would serve well as a preliminary 
to other forms of placentography and may 
be adequate by itself when the placenta is 
clearly implanted 1n the fundus. In only 2 
cases in this series was it necessary to take 
more than 1 lateral compression roentgen- 
ogram in order to obtain the required in- 
formation, 
SUMMARY 


A mechanical compression device for use 
in obtaining roentgenograms of high qual- 
itv for the examination of the fetus in cir- 
cumstances where prediction of fetal matu- 
rity and age are important is described. Its 
use largely centers around the prediction of 
fetal maturity, but it may offer certain 
distinct advantages in placental localiza- 
tion as well, 

Melvyn H. Schreiber, M.D. 
Department of Radiology 

University of Texas-—Medical Branch 
Galveston, Texas, 77550 

We wish to acknowledge the assistance of 
Mr. Jim F. Holmes in the conception and design 
of the compression device. 
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LIVER SHUNTS* 


By MANUEL VIAMONTE, Je, M.D,f LUIS MARTINEZ, M.D.,t RA YMOND b 


PARKS, M.D., W. DEAN WARREN, M.D.,t and JOHN FOMO? 





T M.D. 


MIAMI, FLORIDA 


HE vascular alterations of portal 

cirrhosis have been demonstrated by 
dissection, injection and digestion cast 
specimens." There has not been agree- 
ment of conclusions and much remains un- 
known about the vascular physiology of the 
liver in normal and disease states. 

Today there is general agreement that 
the primary site of vascular obstruction in 
cirrhosis occurs at the distal end of the 
venous sinusoid or in the proximal hepatic 
venule. A marked reduction in the size of 
the venous beds of the hepatic vein is con- 
sistently demonstrated. The hepatic ar- 
teries show an increase in size, number and 
tortuosity. The vascular bed of the hepatic 
artery, when increased, mav show a cross- 
sectional area that may be increased as 
much as ten times normal. The portal 
venous channels are not increased in size 
and may show a slight decrease in caliber 


but no compression or constriction of the 
portal venous system is evident. 

In advanced portal hypertension due to 
cirrhosis, portal flow 1s often reversed. The 
increased hepatic artery flow that coexists 
is drained, at least in part, by reversed 
portal hepatofugal flow. With these altered 
circulatory dynamics, various vascular 
shunts are noted with increased frequency 
and increased magnitude. The shunts con- 
sist of: (1) Extrahepatic communications 
between the portal venous svstem and the 
systemic venous system; (2) intrahepatic 
portal-hepatic venous shunts; and (3) in- 
trahepatic arterial-portal shunts. 

lhe svndrome of portal hypertension 
encompasses a great variety of pathophys- 
iologic patterns. The most important ques- 
tions to be answered prior to selecting the 
appropriate form of treatment and which 
also serve as a prognostic index are: (1) 





Fic. 3. Gf and B) Wedge hepatic venograms following side-to-side portacaval shunt in a patient with cir- 
rhosis of the liver. Note retrograde opacification (arrows) of the portal vein (PV), which empties into the 
inferior vena cava (IVC). HV = hepatic vein. Note nonhomogeneous hepatogram. 
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hic. 2. GC£-C) Same case as in Figure 1. Direct portograms following percutaneous transfemoral vein cath- 
eterization of the inferior vena cava (IVC), and passage of the catheter through the anastomosis into a 


wedge position in the portal vein (PY). 


Degree and activity of liver damage; and 
2) altered liver vascular physiology, 

Liver damage is assessed by clinical 
history, physical examination, liver func- 
tion tests and liver biopsy. Vascular dy- 
namics are studied by: (a) Hepatic vein 
catheterization (Fig. 1, 4 and B; 3; and 5); 
(b)"direct or indirect portography (Fig. 2); 
(c) hepatic arteriography (Fig. 4; and 6); 
and (id) estimated total hepatic blood flow 
determination with radioactive or dye ma- 
terials, 

Volume and distribution of blood to the 





Fic. 3. Wedge hepatic venogram in a patient with 
cirrhosis of the liver. Note nonhomogeneous, ir- 
regular hepatogram. Large channels connect the 
hepatic vein (HV) with the portal vein (PV). The 
latter opacities in a retrograde fashion (arrow); the 
findings are indicative of a high degree of intrahe- 
patic portal blood flow obstruction. The portal vem 
trunk and the coronary vein become opacified. 


liver are best assessed by portography and 
hepatic arteriography. Portography also 
provides the best information as to the 
number, location and size of portosvstemic 
collateral veins. 

In cirrhotic livers there are frequent 
minute communications between hepatic 
arteries and portal veins and between por- 
tal and hepatic veins. These shunts are be- 
lieved to be formed bv sinusoid elements 
that persist after the hepatic cells atrophy 
and periportal fibrosis develops. Commu- 
nication between intrahepatic branches of 
the portal vein and embryologic channels 
(umbilical and paraumbilical veins) may 





biG. 4. Same case as in Figure 3. Selective hepatic 
artery CHA) injection. Hypertrophied, distorted 
artenes with characteristic spiral course of small 


gastroduodenal artery. Residual barium is present 
in the colon, 


Vol. 102, NO. 2 





biG. §. Same case as in Figures 3 
phase of selective hepatic artery injection. Typical 
mottled appearance of the liver is observed. There 
is retrograde visualization (black arrows) of the 
portal vein (PV). White arrows indicate separa- 
tion of liver from right flank due to ascites. 


and 4. Hepatogram 


also be demonstrated, which are enlarged as 
compensatory shunts between the portal 
and svstemic venous svstems. 
SUMMARY 

Direct or indirect portography has shown 
the bypass of the liver parenchyma by 
channels which communicate portal with 
hepatic venules. Wedge hepatic venography 


has demonstrated prompt opacification of 


intrahepatic branches of the portal vein, 


particularly in patients with reversal of 


How in the portal vein. In patients with 


severe portal hypertension and reversal of 


How in the portal vein, one may observe a 
retrograde visualization of the portal vein 
and its tributaries from wedge hepatic 
venography. Selective hepatic arteriog- 
raphy may show reversal of flow in the 
portal vein with retrograde opacification of 
the latter. 

Anatomic obstruction of vessels within 
the liver and arteriovenous and veno-ve- 
nous shunts contribute to ischemia of the 
liver parenchyma. 


Liver Shunts 
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s. Late phase 


Fre. 6. Same case as in Figures 3, 4, and 
of selective hepatic arteriogram. The portal vein 
(PV) and coronary vein (CV) are remarkably well 


opacihed, secondary to prominent hepatofugal 
portal blood flow and communication between 
hepatic arteries and portal veins (arrows). 


Raymond E. Parks, M.D. 

Department of Radiology 

University of Miami School of Medicine 
Jackson Memorial Hospital 


Miami, Florida 33136 
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THE EFFECT OF BRADYKININ ON RENAL | 
) ARTERIOGRAPHY* 


EXPERIMENTAL OBSERVATIONS 


By T. A. FREED, M.D.,t M. P. NEAL, Jr., M.D., and MELVIN VINIK, M.D. 
RICHMOND, VIRGINIA 


Ho ame rey Is a Vasoactive nonapep- 
tide present in an inactive form in 
" plasma. The salivary glands, kidneys, 
pancreas and other tissues contain enzymes 
capable of activating bradykinin.5 Synthet- 
ic bradykinin, indistinguishable from the 
naturally occurring substance, was first 
synthesized in 1960. Experimentally, it was 
found to have a remarkable vasodilating 
effect in both humans and animals.5? Fol- 
lowing direct administration of bradykinin 
into the renal artery of dogs, renal blood 
flow increased by a factor of two or more, 
while systemic pressure remained the same, 
suggesting marked arterial vasodilata- 
tion.18 For this reason, it was thought 
that this agent might be useful as a phar- 
macodynamic adjunct to renal arteriog- 
raphy. 

This is a preliminary report on the effect 
of bradykinin on renal arteriography. 
Observations on the use of this drug in 
conjunction with superior mesenteric and 
celiac arteriography have been reported 
by Boijsen and Redman, and others.! 


MATERIAL AND METHOD 


A series of 53 experiments were carried 
out in r1 mongrel dogs, weighing between 
13 and 20 kg., anesthetized. with sodium 
pentobarbital, 30 mg./kg. Femoral artery 
cutdowns were performed. In 27 experi- 
ments, a single renal artery was cathe- 
terized using a £o cm. red Kifa catheter 
with a 1 cm. precurved tip. In 7 experi- 
ments, the renal arteries were catheterized 
bilaterally. In 19, one renal artery was 
catheterized and a second tip-occluded 
injection catheter (125 cm. Rodriguez- 


Alvarez No. 7) was positioned above the 
origin of the renal arteries. 

& Bradykinin* was injected by hand into 
the renal artery, the amount varying from 
0.015 to 0.5 ug./kg. (2-10 ug./dog) in a 
constant volume of 2 cc. of saline solution. 
Most experiments were carried out using 
between o.1 and 0.25 ug./kg.; in 10 experi- 
ments a greater or smaller amount of 
bradykinin was used. 

Renografin 60 was the contrast agent 
employed in amounts of either 0.15 or 
O.4 cc./kg. for selective injections, 0.5 or 
I cc./kg. for bolus injections. In all but 6 
experiments, the larger volumes of contrast 
material were used. Most of the selective 
injections were done by hand. Bolus injec- 
tions were made using a Cordis injector, 
40 cc. syringe, 300 pounds per square inch 
pressure. Some selective injections were 
also made with the Cordis injector, 150 
pounds per square inch pressure. 

Roentgenograms were obtained using a 
Franklin film changer, program 4/sec.X3 
seconds, 1/sec.X8 seconds. The rate of 
injection of contrast medium could be esti- 
mated from the timed filming sequence 
and was approximately 6—8 cc./sec. for 
most selective injections, 16-20 cc./sec. 
for bolus injections. 

In all experiments, controls were ob. 
tained using identical experimental condi- 
tions with the exception of the substitution 
of saline for bradykinin. In bilateral selec- 
tive injections and bolus injections, the 
nonbradykinin injected kidney also served 
as a control. 


* Generously supplied by Sandoz Pharmaceuticals, Hanover, 
New Jersey. 


* Presented at the Fifteenth Annual Meeting of the Association of University Radiologists, Philadelphia, Pennsylvania, May r1- 


13, 1967. 


From the Department of Radiology, Medical College of Virginia, Richmond, Virginia. 
T Present Address: Department of Radiology, the Clinical Center, National Institutes of Health, Bethesda, Maryland. 
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Effect of Bradykinin on Renal Arteriography 
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Fic. 1. GZ and B) Note the marked increase in size of dorsal and ventral renal artery branches, interlobar and 
arcuate branches in B as compared to control in Æ. The interlobular branches are faintly visualized, 
whereas these were never visualized on control studies. 


In some dogs, aortic or renal arterial 
pressure was recorded using a Sanborn 
267B transducer and Sanborn recorder. 
In 2 dogs, micropaque was injected 17 vivo 
using selective renal catheters with i 
kidney receiving bradykinin prior to micro- 
paque injection. The kidneys were re- 
moved, fixed in formalin and sectioned. 
Roentgenograms were obtained using a 
1.6 mm. focal spot tube, focal spot-film 
distance of 40 inches, 300 ma., 26 kv., 15-3 
second exposure (depending on thickness of 
section). Type M industrial film was used 
with hand processing. 

RESULTS 

Arteriograms following bradykinin in- 
jection revealed a number of constant 
differences in comparison with control 
arteriograms. There was marked increase 
in size of dorsal and ventral renal arterial 
branches and interlobar branches. The 


arcuate arteries and interlobular branches 
could be visualized, whereas in controls 
the latter were never visualized and the 
former were usually difficult to visualize 
(Vig. 1, .7 and B). The effect of bradykinin 
on the arcuate and interlobular branches 
can be better appreciated on photographic 


enlargements of sections of kidnevs in- 


jected with micropaque zz vieo, 1 kidney 


serving as a control, the other receiving 
bradykinin (Fig. 2, .7-D). The initial cor- 
tical  nephrogram, beginning one-half 
second after onset of injection and maxi- 
mum 1-3 second after completion of injec- 
tion, was more intense following the injec- 
tion of bradvkinin (Fig. 3). Earlv renal vein 
visualization was alwavs noted with brady- 
kinin (1-3 second postinjection) and only 
occasionally seen in controls. The compara- 
tive density of the early visualized renal 
vein was much greater following the injec- 
tion of bradykinin, the maximal renal den- 
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of the bradykinin injected kidney in Z 
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(4 and C) Photographic enlargements (X¢.8) are demonstrated of the bradykinin injected and con- 
trol kidnevs, respectively. Note the marked increase in size of the arcuate (arrows) and interlobular branches 


The kidney in & re. 


ceived 2 ug. of bradykinin prior to simultaneous selective injections of micropaque. 


sitv occurring 4-1 second following comple- 
tion of injection; in controls, maximum 
density occurred later, 3-54 seconds follow- 
ing completion of injection (Fig. 4). Aortic 
reflux, 
contrast medium, was markedly diminished 
(Pessa and JB). 

These constant effects with bradykinin 
were maximal at a dose of o.1 ug. kg. At 
higher doses of bradykinin, qualitatively 
similar but less marked changes were 
present. At the higher doses of bradykinin, 


following selective injection of the 


aortic pressure dropped, whereas at the 
optimal dose range, pressure remained con- 
stant. The intensity of the cortical neph- 
rogram and renal vein density varied with 
the volume of contrast medium injected, 
and were more pronounced with the larger 
volumes of contrast material. 

Some effects of bradykinin were variable. 
These included irr egular opacification of 
the outer cortex (Fi ig. 6), seen to à greater 
degree and more fre juently than in the 
controls. The medulla frequentlv appeared 
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Fic. 5. Note increased intensity of cortical nephro- 
gram on bradykinin injected side (1 second after 
onset of injection of contrast medium using bolus 
catheter). 


less well opacified following bradykinin, 
particularly during the time interval one- 
half second after onset of injection to 1 
second after completion (Fig. 4; and 6). 
In some experiments, horizontal and ver- 
tical measurements of the kidney increased 
£—7 per cent. This occurred in both control 
and bradykinin injected kidneys. The aorta 
and lumbar vessels appeared smaller fol- 





Effect of Bradykinin on Renal Arteriography 





lic. 4. Note intense early opacification of left 
renal vein (single arrow) 1 second following com- 
pletion of contrast medium injection. Bradykinin 

(2 ug.) was injected into the left renal artery. The 

rght renal vein (double arrow) of the control 

kidney is faintly opacified. There is decreased 

opacification of the medulla as compared to the 

contro]. 
lowing bradykinin injection. (Fig. 7, Æ 
and 5). 

The primary nephrogram, occurring 2-6 
seconds following completion of the con- 
trast medium injection, was not signifi- 
cantly changed by bradykinin. It appeared 
that the density of the primary nephrogram 
decreased with greater rapidity following 


Fic. e. There is marked reflux on the control side (4) one-half second after start of contrast medium injec. 
2 L a EJ * * * a * 5 " » T 
tion. There is no reflux after bradykinin injection (5). 
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lic. 6. Note the irregular opacification of the outer 
cortex of the left. kidney (bradykinin side) in 
comparison with the homogeneous opacification 
of the cuter cortex of the right kidney (control). 
This "fraved" appearance was frequentlv seen 


following bradykinin but was usually not as 
striking. Also note the apparent increased lucency 
of the medulla on the bradykinin injected side. 


bradykinin injection; however, the filming 
program was not carried out long enough to 
adequately evaluate this. 


DISCUSSION 


The arterial dilatation is probably the re- 
sult of a direct effect of bradykinin on 
arterial smooth muscle. The arterial dilata- 
tion decreases intrarenal vascular resis- 
tance. This decrease in resistance, in con- 
junction with constant intrarenal arterial 
pressure, accounts for the marked increase 
in renal blood flow noted when using brady- 
kinin in a dose range of o.1 ug./kg.^ The 
increase in renal blood flow appears to ac- 
count for the increased intensitv of the 
cortical nephrogram. Part of the increased 
density of the cortical nephrogram may be 
illusory because of apparent decreased 
opacification of the medulla. The decreased 
vascular resistance and increased renal 
blood How probably account for the de- 
crease in reflux following selective injec- 
tions. 

The early intense opacification of the 
renal vein may be related to several factors. 
If the rate of contrast medium injection 
exceeds the rate of renal blood flow and 
proceeds long enough, contrast medium 
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will fill capillaries and venules and will be 
excreted in the renal vein at a rate equal to 
cortical flow.* In many of the control in- 
Jections, this phenomenon probably did 
occur, accounting for the early visualiza- 
tion of the renal vein in control experi- 
ments. This same explanation, in part, 
probably accounts for the early visualiza- 
tion of the renal vein following bradykinin 
injection. This, however, does not explain 
the increased intensity of the early renal 
vein opacification as compared to the con- 
trols. This finding can simply be a mani- 
festation of increased renal blood flow: 
however, the possibility of shunting by 
either true arteriovenous communications 
or by alterations of regional blood flow 
must also be considered. Arteriolae rectae 
verae which arise from arcuate arteries or 
afferent arterioles in the corticomedullary 
region and connect directly with venules 
are one possible anatomic site for shunt- 
ing." This type of communication is pres- 
entin small numbers in normal individuals 
and probably could not account for a signi- 
ficant degree of shunting.“ The “Trueta” 
shunts increase blood flow to the cortico- 
medullary region at the expense of the 
outer cortex and thus, in effect, allow al- 
terations in regional blood flow. Experi- 
mental evidence suggests the possibility of 
altered regional flow either by “Trueta” 
shunts or some other anatomic pathwav, 
e.g. Increase of renal venous para-amino 
hippuric acid (PAH) occurring concomitant 
with a rise in renal blood flow following 
intra-arterial administration of acetylcho- 
line. (Acetylcholine in many respects seems 
similar in its effect on renal blood flow to 
bradvkinin.^?)9) Whether shunting oc- 
curs, and the degree to which it contri- 
butes to the early intense renal venous 
opacification noted, cannot be proven from 
these experiments; however, this possibility 
should be considered. 

Shunting, secondary to bradykinin, may 
account for the irregular opacification of 
the outer cortex we observed; however, 
'arious noxious stimuli including stimula- 
tion of the periarterial nerve plexus can also 
cause reduced flow to the outer cortex and 
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hic. 7. Gd and B) Arrows indicate comparable lumbar branches which are smaller following brad y kinin injec- 
tion into the right renal artery (note increased size of the dorsal and ventral arterial branches in B). The 
aortic width is also smaller on the bradykinin injected side. 


cannot be excluded as a possible explana- 
tion for our results." The apparent de- 
creased opacification of the medulla may 
also be a reflection of regional alterations in 
renal blood flow.!" 

The observed decrease in size of the 
abdominal aorta and lumbar branches may 
be due to a homeostatic mechanism reduc- 
ing regional blood flow to counterbalance 
the bradvkinin induced increase in renal 
flow, thus maintaining a constant systemic 
pressure. The observed increase in renal 
size may reflect the effect of multiple injec- 
tions of contrast medium rather than a 
bradykinin effect, since it involved both 
kidneys when both were injected with con- 
trast material. 


- 


The density of the primary nephrogram 
Is determined by the volume of contrast 
medium in the peritubular capillaries.? The 
lack of change of the primary nephrogram, 
as observed in the period 2-6 seconds fol. 
lowing completion of the contrast medium 
injection, probably indicates that the vol. 
ume of contrast medium in the peritubular 
capillaries is not changed following brady- 
kinin injection. It is possible that with 
bradykinin the initial volume of contrast 
medium was greater, but a rapid disap- 
pearance rate, related to increased renal 
blood flow, accounted for the absence of 
any definite difference in density as com- 
pared to controls. 

The observation that bradykinin causes 
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distinct changes in the canine renal ar- 
teriogram suggests that the use of brady- 
kinin may be of value as a pharmacody- 
namic adjunct to renal arteriography in 
humans. It may be of value in evaluating 
renal vascular changes in hypertensive 
patients causing qualitative or quantitative 
changes which may be significantly differ- 
ent from the normal. It may intensify the 
vascularity in relatively avascular renal 
tumors, such as renal pelvic carcinomas. 
Bradykinin infusion may even be of thera- 
peutic value in patients with acute cortical 
necrosis or the rejection syndrome follow- 
ing renal transplantation. Currently, 
bradykinin is not available for use in hu- 
man investigative work, and thus it may be 
worthwhile to consider the use of other 
vasodilators having similar effects on renal 
blood flow such as acetylcholine.’ 


SUMMARY AND CONCLUSIONS 


An experimental technique has been 
described for evaluating the effect of a 
vasodilator, bradykinin, on renal arteri- 
ography in canines. Bradykinin causes 
marked arterial dilatation, increased den- 
sity of the early cortical nephrogram, early 
intense opacification of the renal vein, and 
marked decrease in aortic reflux. The opti- 
mal dosage of bradykinin ts 0.1 ug./kg. The 
effects produced by bradykinin are prob- 
ably a manifestation of alterations in renal 
blood flow with increase in flow secondary 
to decreased vascular resistance accounting 
for most of the observed changes. It is pos- 
sible that regional alterations in blood flow 
may, in part, account for the early intense 
renal venous opacification. 

T. A. Freed, M.D. 
Department of Radiology 
Clinical. Center, Building #10 
National Institutes of Health 
Bethesda, Maryland 20014 
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ANGIODYSPLASIAS OF THE ABDOMINAL VISCERA 
ASSOCIATED WITH HEREDITARY HEMORRHAGIC 
TELANGIECTASIA* 


By M. HALPERN,f A. F. 


TURNER,t and B. P. 


CITRON} 





LOS ANGELES, CALIFORNIA 


EREDITARY hemorrhagic telangiec- 

tasia has long been defined as a famil- 
ial disease characterized by the presence of 
telangiectasia of the skin and mucous mem- 
branes. Recurrent bleeding, most com- 
monly epistaxis, has been the hallmark of 
this inherited vascular anomaly. Lesions of 
the lips, oral cavity, respiratory tract, 
urinary tract, liver, spleen, eye, brain, 
meninges, spinal cord and bone? attest to a 
multiplicity of system involvement as a 
facet of this disease. This great complexity 
does not appear to have received sufficient 
attention. We have therefore undertaken 
an intensive investigation of gastrointes- 
tinal bleeding and the visceral manifesta- 
tions of the syndrome. Our study has been 
directed toward the pathologic vascular 
anatomy of the lesions of the abdominal 
viscera, since this material has not been 
previously detailed. 

Angiography has demonstrated several 
heretofore unrecognized pathologic lesions 
and visceral-vascular shunts. Recognition 
of widespread anatomic vascular abnormal- 
ities has rapidly increased our knowledge of 
the disease and improved our understand- 
ing of the therapeutic problem that exists. 
The purpose of this interim report is to 
present the evidence that is being accu- 
mulated to support a concept that an 
angiodvsplasia of the abdominal viscera 1s 
an integral part of hereditary hemorrhagic 
telangiectasia. 

Determination of the specific lesions re- 
sponsible for gastrointestinal hemorrhage in 
hereditary hemorrhagic telangiectasia has 
remained an enigma. Thirteen per cent of 
the patients have melena or hematemesis. 


There is a 6 per cent incidence of duodenal 


ulcer in the patient population with this 
disease and approximately half of the pa- 
tients reveal lesions of the lips. It 1s inter- 
esting that the incidence of telangiectasia 
of the lips increases to 85 per cent in the 
gastrointestinal bleeders and the incidence 
of duodenal ulcer rises to Ig per cent.” 
With the exception of ulcer demonstration, 
routine roentgenographic examinations of 
the upper gastrointestinal tract, small 
bowel and colon have uniformly failed to 
show the lesions of this disease. There are, 
however, reports of positive findings seen at 
the time of gastroscopy and sigmoidos- 
copy.?:910.18.14.18,19,24  “Telangiectasia and 
phlebectasia of various abdominal organs 
and the intestine have also been noted dur- 
ing exploratory laparotomy and at autop- 
sy, 554551 Multiple aneurysms of the 
splenic artery have been reported in asso- 
ciation with hereditary hemorrhagic telan- 
giectasia.?? 

The application of visceral angiography 
to the studv of gastrointestinal bleeding in 
these patients is recent. Multiple arterio- 
venous anastomoses in the liver” have been 
shown and a hepatic artery aneurysm com- 
bined with a portal vein fistula was dem- 
onstrated preoperativelv." In this latter 
instance, liver biopsy and. postmortem ex- 
amination revealed diffuse angiectasia with- 
out evidence of intrahepatic shunts or of 
cirrhosis. Hepatosplenomegaly in heredi- 
tary hemorrhagic telangiectasia has been 
thought to be coincidental or perhaps due 
to hepatic telangiectasia or posthepatic 
cirrhosis. ^? 

The primary vascular lesion of heredi- 
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tary hemorrhagic telangiectasia involves 
capillary and venous channels. 55:523 The 
vessel walls are thin and composed of a 
single laver of endothelial cells supported 
only by a fine laver of connective tissue. 
prominent feature producing tortuosity, 
coiling and conglomerate vascular masses 
which may be recognized as arteriovenous 
hstulae, The basic vascular abnormality is 
similar in all of the involved organs. Gross 
inspection of the abdominal viscera may 
reveal scattered sites of localized phlebec- 
tasia. Typical telangiectasia can be found 
on the surface of the liver and intestinal 
tract, but are more apparent upon inspec- 
tion of the gastric and intestinal mucosa. 
The lesions are primarily submucosal but 
may extend into the muscularis externa, 
Occasionally varices protrude beneath the 
surtace epithelium. Our case material to 
date seems to indicate that intrahepatic 
lesions are not confined to the portal venous 
system, The hepatic histopathology in g 
patients revealed portal fibrosis in all cases. 
In 4 of the 5 there was dilatation of the 
portal vein, bile duct ectasia and evidence 
of atrophy and regeneration of the liver. 
This appeared to be an ischemic type of 
atrophy. Three patients revealed dilated 
hepatic veins and angiomata were present 
in 2, Thrombosis is an integral part of 
hereditary hemorrhagic telangiectasia and 
is the probable explanation for pain in this 
disease. Pathologically, scattered thrombi 
and eccentric intimal venous thickenings 
are found. Two of the patients to be re- 
ported experienced episodes of epigastric 
pain as a prodrome to gastrointestinal 
bleeding. 


REPORT OF CASES 


gastroduodenal artery-supertor mesenteric vein 
fistula. J. E., a so year old Negro female, gave 
a long history of recurrent epistaxis and gastro- 
intestinal bleeding. The patient had been sub- 
jected to subtotal gastrectomy without relief of 
gastrointestinal bleeding. Episodes of epi. 
gastric pain and low back pain served as pro- 
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dromata to the appearance of melena. Telan- 
giectasia was present on the face, lips, buccal 
mucosa, tongue and skin. There was a bruit 
present over the midabdomen. Classic angio- 
mata were seen at the time of gastroscopy; sig- 
motdoscopic examination was normal. 

Koentgenographic findings. 1. Pulmonary 
angiogram: A pulmonary arteriovenous fistula 2 
cm. in diameter was present at the right lung 
base. 2. Abdominal aortogram (Fig. D: A 
saccular arteriovenous fistula 3 cm. in diameter 
shunted blood from the gastroduodenal artery 
directly into the superior mesenteric vein. 
There was dense opacification of the superior 
mesenteric and portal veins. 


Case 1L Multiple pulmonary arteriovenous 
fistulae and intrahepatic arteriovenous shunts. 
J. J., a 62 year old Caucasian male, presented 
with a long history of frequent epistaxis, re- 
current gastrointestinal bleeding and anemia. 
There was no history of hematuria or hemopty- 
sis. Telangiectasia was present on the lips, 
tongue and oral pharynx and spread diffusely 
over the skin. Multiple telangiectatic lesions 
were noted at gastroscopy; sigmoidoscopy was 
normal, 





hic. 1. Case n Abdominal aortogram in the right 
posterior oblique projection demonstrates the 
gastroduodenal artery and a superior mesenteric 
vein fistula. G= gastroduodenal ‘artery; S=supe- 
rior mesenteric vein; arrow = fistula. 
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Koenigenographic findings. 1. Pulmonary an- 
giogram: Arteriovenous fistulae were present in 
the posterior basal segment of the left lower 
lobe and in the inferior segment of the lingula: 
one was 3 cm. in diameter, the other was 1 cm. 
in diameter. 2, Visceral angiograms (Fig. 2, A 
and 5): The peripheral divisions of the intra- 
hepatic arteries became indistinct and in place 
of discrete arterial channels a diffuse somewhat 
blotchy hepatic blush was noted. Peripheral 
hepatic venous branches were well opacified in 
segments of the liver. This finding is evidence of 
hepatic artery-hepatic venous shunt at the 
capillary level. 


Case ut. Angiomatosis of the liver and mul. 
tiple arteriovenous malformations of the ascending 
colon. B. L., a 63 year old Caucasian male, 
gave a long history of recurrent epistaxis. There 





Vic. 2. Case rt. Selective celiac angiograms show an 
intrahepatic vascular shunt of the hepatic artery 
to the hepatic veins. (,7) Arterial phase. R = right 
hepatic artery; L=left hepatic artery; Arrow = 
left gastric artery branches. (B) H = arrows point 
to opacified branches of the hepatic vein; G= 
plexiform type of angioma in fundus of stomach. 
Note the small, malrotated right kidney. 
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hic. 3. Case ur. Celiac angiogram demonstrates 
multiple angiomata throughout the liver repre- 
sented by small discrete areas of tissue staining 
(small arrows). Draining hepatic veins are present 
(arrowheads). 


was no history of hemoptysis, hematemesis, 
melena or hematuria. There was an increasing 
number of episodes of congestive heart failure. 
Classic angiomata were seen in the stomach at 
the time of gastroscopy; sigmoidoscopic ex- 
amination was normal. There was telangiec- 
tasia on the face, lips, buccal mucosa and skin. 

Roentgenographic findings. 1. Pulmonary an- 
giogram: The examination was normal. 2. Vis- 
ceral angiograms (Fig. 3; and 4, 4, B and C): 
The peripheral intrahepatic branches gave rise 
to a myriad of small, stellate areas of dense 
hepatic staining and there was opacification of 
several peripheral hepatic venous branches. 
Two separate arteriovenous malformations 
were present adjacent to the wall of the proxi- 
mal portion of the ascending colon and ileocecal 
valve. Dense opacification of the draining veins 
was present with early filling of the ileocolic 
vein, 


Case iv. Lntrahepatic arteriovenous shunts and 
multiple splenic artery aneurysms. S. R., a 61 
vear old Caucasian female, gave a history of 
massive recurrent epistaxis and several major 
gastrointestinal hemorrhages. Telangiectasia 
was present on the lips, oral and nasal mucosa 
and scattered over the skin. The patient gave 
no history of hemoptysis or hematuria. She 
noted that epigastric pain tended to precede the 
episodes of gastrointestinal bleeding. 

Roentgenographic findings. 1. Pulmonary an- 
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Fic. 4. Case un, Superior mesenteric angiograms. (4) Early arterial phase. A small colonic arterial branch 
leads to 1 site of vascular malformation (arrow). (B) Late arterial phase. Two vascular malformations 
are now apparent (large arrowheads). The colonic arterial branch supplying the inferior lesion js still opac- 
ified (arrow) and early filling of a draining vein can be seen (small arrowheads). (C) Capillary phase. 
Dense opacification of the veins draining the vascular malformations is evident (arrows). V= ileocolic 
Vein, 
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giogram: The examination was normal. 2. Vis- 
ceral angiograms (Fig. 5; and 6, 4 and B). The 
right lobe of the liver was examined separately 
Dy selective catheterization of a replaced right 
hepatic artery which took origin from the supe- 
rior mesenteric artery. The primary intrahepatic 
branches were normally distinct but the smaller 
arterial branches appeared as irregular streaks 
and small blotchy areas of contrast. Moderate 
opacification of a few peripheral branches of the 
hepatic veins was present. The primary 
branches of the left hepatic artery gave rise to a 
conglomerate mass of “pathologic” vessels 
which resulted in a dense hepatogram of the 
left lobe of the liver. There was an early, intense 
opacification of the left hepatic veins. Three 
distinct aneurysms of the splenic artery were 
present. There were no identifiable abnormal- 
ities of the mesenteric vessels. Selective renal 
angiography demonstrated the presence of a 6 
cm. benign renal cyst in the lower pole of the 
lett kidnev. 


ANGIOGRAPHIC FINDINGS 


Four cases have been selected from a 
group of patients with hereditary hemor- 
rhagic telangiectasia and gastrointestinal 
bleeding who were subjectec l to a thorough 
angiographic study of the abdominal vis- 
cera. A variety of arterial-capillary-venous 
abnormalities were demonstrated: arterio- 
venous fistulae and malformations, mul 





Fic. 5. Case 1v. Selective right hepatic arteriogram. 
Gross malformation of the intrahepatic arterial 
branches 1s present. 
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(4) Arterial 
phase. The vascular bed of the left lobe of the liver 
shows gross malformation of the arterial branches 


Vic. 6. Case iv. Celiac angiograms. 


(large arrow). Three separate aneurysms of the 
splenic artery are present (small arrows). (B) 
Capillary phase. There is dense opacification of the 
left hepatic vein branches (arrowheads). 


tiple angiomata, discrete aneurysms and 
arterial-capillary angiectasia with venous 
shunting. Hemodynamic shunt at the 
capillary level was recognized through an 
early dense opacification of the regional 
draining veins. It should be stressed that 
hepatic veins are not normally visualized 
during the course of hepatic angiography. 

The initial phase of this investigation of 
gastrointestinal hemorrhage in patients 
with hereditary hemorrhagic telangiectasia 
utilizing the diagnostic procedure of vis- 
ceral angiography has produced a more 
complete anatomic definition of widespread 
vascular abnormalities, providing a broader 
insight into the possible mechanism for 
gastrointestinal bleeding 1n these patients. 
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A variety of dysplastic vascular lesions and 
vascular shunts have been found. Angiog- 
raphy is partrally resolving the difficult 

task of locating the lesions of hereditary 
hemorrhagic telangiectasia which have 
proven to be quite elusive at the time of 
surgery, even in the instances of massive 
intestinal bleeding. Certainly this new 
knowledge extends our ability te under- 
stand the therapeutic problem presented 
by these patients and provides an explana- 
tion for failure of surgical treatment, since 
extirpation of only a segment of the dis- 
ordered vascular anatomy is possible. It is 
important, however, to realize that the 
angiographic lesions that are demonstrated 
do not necessarily represent the site of ori- 
gin of the gastrointestinal bleeding in a 
given patient. The frequent findings of 
angiectasia and duct ectasia in the liver 
have raised the question of hematobilia as a 
cause of melena. While hematuria has not 
been part of the clinical picture of any of 
our patients to date, we are somewhat 
intrigued by the presence of a benign renal 
cyst in 1 patient and small, malrotated but 
vascularly intact kidneys in 2 other pa- 
tients. The detailed clinico-angiogr aphic 
CO iius of our complete investigation of 
hereditary hemorrhagic telangiectasia will 
be B ted asa separate report.’ 


SUMMARY 


Angiographic investigation of gastro- 
intestinal bleeding in patients with heredi- 
tary hemorrhagic telangiectasia has dem. 
onstrated a somewhat indiscriminate 
distribution of a variety of arterial, capil- 
lary and venous abnormalities olen show- 
ing hemodynamic shunts. 

It is suggested that hereditary hemor- 
rhagic telangiectasia be defined as an 


inherited, diffuse, pleomorphic angiodys- 
plasia. 
M. Halpern, M.D. 
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IHERMOGRAPHY AND HERNIATED LUMBAR DISKS* 


By J. EDEIKEN, M.D., J. D. WALLACE, A.B., R. F. CURLEY, B.S., and 
S. LEE, M.D. 


PHILADELPHIA, PENNSYLVANIA 


RELIMINARY studies indicate that 

thermography is a useful procedure for 
demonstrating the presence and location of 
herniated lumbar disks and may be either 
supplementary or complementary to mye- 
lography. 

Thermography is the pictorial repre- 
sentation of a range of temperature varia- 
tions of a scanned area. The technique from 
a medical aspect was originated in the mid 
1950s bv R. N. Lawson. He recognized the 
association. of an area of elevated skin 
temperature with breast cancer. Thermog- 
raphy of breast cancer was further inves- 
tigated by Lloyd-Williams et al, Wallace 
et al.,? and Gershon-Cohen et alt Wood? 
and others have utilized thermography in 
the evaluation of cerebral insufficiency, 
and Cosh? pioneered its use in arthritis. 
Albert ef a/.! reported its use in orthopedic 
problems and included a scan of a patient 
with a herniated disk. Goldberg et al? re- 
ported abnormal heat patterns in 4 of 21 
persons with herniated disks. 

While it is apparent that the signal 
sensed is a skin temperature alteration, the 
results of the investigators cited above in- 
dicate that the signal may be the reflection 
of a deep underlying process. The mecha- 
nism for transfer of heat energy from a 
deep structure to the skin has been incom- 
pletely investigated. The description of 
Cooper ef al} of a vascular connection of 
the heat of an active muscle to the skin 
may apply. 


TECHNIQUE OF THERMOGRAPHY 


The technique of thermography is simple 
from both technical and clinical aspects. 
The patient is examined in the sitting or 
prone position. The back is exposed and 


s & 


allowed to equilibrate with the 70° F. 
room temperature for 6-8 minutes. The 
scans are then made at 3 sensitivity set- 
tings, each scan taking 30 seconds. A 
Pyroscan (Llovd-Williams) is used. It is 
modified to give improved detector cell 
performance and increased signal to noise 
ratio and selection of polarity for pictorial 
presentation. The 3X 41/2 inch recording 
is made on standard newspaper facsimile 
paper which requires no processing. 


METHOD OF STUDY 


Ninety-three patients with symptoms 
and signs suggesting herniated disks re- 
ceived thermograms followed immediately 
by myelography. Twenty-nine were oper- 
ated and herniated disks removed. The 
thermographic findings were compared to 
the myelographic findings. Also, control 
thermograms were compared to the 2g 
herniated disk thermograms. 


RESULTS 


Control-back thermograms in healthy 
individuals reveal variable hot spots but 
there are 4 areas which reveal fairly con- 
stant features. There is a warm area in the 
center of the back which extends from the 
scalp hair line to the level of the sth lumbar 
vertebra and corresponds to the vertebral 
spinous processes. It varies in width and 
may present as a fusiform widening in the 
upper lumbar area but narrows again in the 
this is a clear area and then another cen- 
tral-warm area corresponding to the in. 
tergluteal cleft. Immediately above and 
lateral to the level of the intergluteal 
cleft are symmetric warm areas that ex- 
tend 2 or 3 inches caudally and corre- 


* Presented at the Fifteenth Annual Meeting of the Association of University Radiologists, Philadelphia, Pennsylvania, May 1r- 
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Fic. 1. (4) Control thermogram. (B) Diagram of control thermogram. The central hot spot is fusiform at the 
lumbar area and extends from the upper thoracic spine to a level above the sacroiliacs (A). Bilateral hot 
spots are noted overlying the sacroiliacs (S). The intergluteal fold is noted below the sacroiliac shadows 


(D. Most herniated disks will show a hot spot in the region between the central hot spot and the sacroiliac 
(D). 


spond to the sacroiliac Joints (Fig. 15). 
None of these warm areas need be present 
or they may be of varying widths and ex- 
tent. A relatively cold area is invariably 
present between the end of the central- 
warm area of the spinous processes, the 
sacroiliac warm area, and the intergluteal 
area; and it 1s in this region that the warm 
spots due to herniated disks are found. 

Abnormal thermograms were present in 
23 of the 29 patients with herniated disks 
and appeared usually as a warm area ex- 
tending obliquely caudal from the normal 
central hot spot, either unilaterally or bi- 
laterally and localized to the level of the 
herniated disk (Fig. 2, 4-C; 3, A-C; 4, 
A-C; and 5, A-C). Occasionally, the ab- 
normal-warm areas were multiple and 
round and occurred beside and below the 
normal-central-warm area (Fig. 2, ÆC). 

Of the 29 patients operated, the myelo- 
gram revealed a herniated disk at the 
proper level in 23. There were 3 false posi- 
tive (disks described at different levels 
than found at surgery) and 3 false nega- 
tive studies (Table 1). 

Thermography indicated herniated disks 
at the proper level in 23 studies. There 
were 5 false negative scans and 1 false 
positive (Table 1). 

In 19 patients the myelogram and ther- 
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mogram revealed similar results and in 10 
the results were dissimilar (Table u). 
In 18 the disk was found at the indicated 
level. In the 1 patient with a negative mye- 
logram and thermogram, a herniated disk 
was found (Table n1). 

In 10 patients myelography and thermog- 
raphy revealed different findings. In. 5 
instances the myelogram was correct; in 
s others the thermogram was accurate 


(Table 1v). 


DISCUSSION 


The majority of patients with herniated 
lumbar disks present symptoms and signs 
so characteristic that the diagnosis 1s 
assured and the disk accurately localized. 
The use of myelography in these patients 
is to confirm the diagnosis. A minority of 
patients with herniated disk will present 
atypical signs and symptoms and myelog- 
raphy is necessary for accurate diagnosis. 
However, myelography presents certain 
disadvantages:! it may be a painful pro- 
cedure with painful side effects;? there is a 
potential danger of infection and arach- 
noiditis; and in certain instances the 
herniated disk 1s not demonstrated be. 
cause of failure of encroachment on the 
subarachnoid space or proximal nerve roots. 

Thermography is a simple procedure 





Fic. 2. (4) Thermogram of patient with herniated disk. 
(B) Diagram of 4. There is no central hot spot over 
the spinous processes but the end of the spinous pro- 
cesses may be seen at A. The sacroiliac hot spot 
shows on the left side (S). The intergluteal fold is also 
demonstrated (D. A hot spot due to a herniated disk 
is noted (D). This is between the hot spot of the 
normal sacroiliac and the end of the normal central 
warm spot. (C) Myelogram on same patient indi- 
cating a herniated disk (arrow). 


which may compensate for the myelo- 
graphic disadvantages. The preliminary 
studies indicate that thermography may 
either be supplementary or complemen- 
tary to myelography. 

It is noteworthy that in 26 patients, 
myelography and thermography were both 
positive in 23 cases. Goldberg ef a/5 re- 
ported only 4 active thermograms in 21 
proven cases. Improved thermographic 
techniques account for the better results 
in our study. 
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Thermography presented fewer false 
positive but more false negative studies. In 
the 10 patients with different results, 
thermography was correct in 5 and myelog- 
raphy accurate in 5. This suggests that 
thermography compares favorably with 
myelography for the diagnosis of herniated 
disk. 


CONCLUSION 


Thermography is a simple procedure un- 
associated with morbidity. In the presence 
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Fic. 3. Herniated disk on the right. (4) Thermo- 
gram. (B) Diagram of 4. The normal central 
warm spot ts present (A), both sacroiliac warm 
spots are present (S), as well as the intergluteal 
fold (D). The abnormal warm area subtendec 
between the central warm spot of the spinous 
processes and the sacroiliac (D) reflects a herni- 
ated disk. (C) Myelogram revealing the her- 
niated disk (arrow). 
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Fic. 4. Herniated disk. (4) Thermogram of 
herniated disk. (B) Diagram of .4. The 
central hot spot over the spinous processes 
is irregular (A). Both sacroiliac hot spots 
are present (S). The hot spot between the 
central hot spot and the sacroiliac hot spot 
is due to the herniated disk (D). (C) Myelo- 
gram revealing herniated disk (arrow). 
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hig. g. Large herniated disk completely ob- 
structing opaque column. (7) Thermogram. 
(B) Diagram of 4, revealing a transverse 
hot spot in region of the herniated disk (D). 
The thermogram reveals ill-defined hot 
spots and the normal sacroiliac hot spots 
are not well visualized. The normal central 
hot spot is faintly demonstrated. The in- 
tergluteal fold hot spot is present (D). (C) 
Myelogram of herniated disk demonstrates 
complete obstruction of opaque column in 
the erect position (arrows). 
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! analysis published in 1962,1 1t was 

argued that diagnostic errors derived not 
from technical imperfections in the roent- 
genogram, but rather from the erratic and 
often inappropriate response of the film 
reader to information recorded 1n the film. 
On the assumption that the response of the 
flm reader might best be influenced 
through training, 1t was suggested that the 
development of improved teaching ma- 
terials offered the most hopeful approach to 
more accurate roentgen diagnosis. Accord- 
ingly, in 1963, the development of a pro- 
grammed course 1n roentgen diagnosis was 
undertaken to test the practicality of this 
suggestion, 

As a first step, educational objectives 
were prepared which in accord with the 
principles of Mager? sought to define the 
specific activity of which the student was to 
be capable at the completion of the course. 
In brief, these objectives specified that the 
student should be able to conduct a logical 
analysis of a roentgen examination-—de- 
tecting critical recorded shadows; dis- 
criminating normal from abnormal sha- 
dows; discriminating among various classes 
of abnormal shadows; and accurately iden- 
tifving abnormal shadows, individually or in 
combination, with specific diagnostic pos- 
sibilities appropriate to the particular type 
of roentgen study. 

The programming consultant* proposed 
then that our teaching materials must 
provide the student with step-by-step di- 
rections concerning what to look for and 
how to proceed on the basis of the informa- 


i John Blyth, Ph.D., Argyle Publishing Corp, New York, 
New York. 


tion extracted at each step of the film anal- 
ysis. Simply to enumerate and illustrate 
the findings characteristic of various patho- 
logic entities would not, he argued, prepare 
the student for the desired sort of terminal 
behavior. As a schema for the organization 
of the programmed frames, he proposed 
that for each roentgen examination to be 
presented, a logical, step-by-step system of 
analysis be developed and expressed in 
terms of a flow chart or decision tree anal- 
ogous to those employed in computer 
programming. The development of such 
flow charts proved surprisingly difficult but 
correspondingly rewarding. Although they 
were initially intended only as guides to the 
preparation of programmed frames, their 
greater flexibility has led us more recently 
to abandon the programming effort and to 
center our attention on the use of the flow 
chart itself as a teaching device. 


STRUCTURE OF THE FLOW CHART 


In brief, the flow chart consists of a 
hierarchy or sequential system of progres- 
sively more specific questions leading ulti- 
matelv to the most specific diagnostic out- 
put justified by the evidence at hand. 

The characteristics of the flow chart are 
demonstrated in Figures 1-5. These flow 
charts represent the analysis of the roent- 
gen examination of the colon by barium 
enema. This analysis has been divided into 
s broad concepts, and each of the flow 
charts illustrated represents the analysis 
with respect to one of these concepts. 

The concepts chosen are: (1) complete- 
ness of filling; (2) position of segments; (3) 
caliber of lumen; (4) regularity of margins; 


* Presented at the Fifteenth Annual Meeting of the Association of University Radiologists, Philadelphia, Pennsylvania, May 11- 


13, 1967. 
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Analysis of the roentgen examination of the colon. Flow chart for Concept 2.— Position of segments. 


Vor. 102, No. 4 Logical Flow Charts in Teaching Roentgen Diagwosis 799 






Probable 
Viceratigve 
Colitis., 













LAT n RE 
Does the 
caliber 

of one or wore 
segments 

"unduniate?" 


Does narrowing 
have one or more 
"undercut" 
yt Sornera or appear 
fixed and rigid? 


ia 
narrowing 
annular? 





no 




























































Yo a inscia: 
Does narrowing have na ae f Posible | 
ne undercut cornerat+- ~ yes Di Meta liti ij 
E DOES H uncertain whether rigid ae cue Be en i 
CALIBER ard fixed? | E Au ERE E | 
GF COLON : 
is Y 
INCREASE yee 
STEADILY mode. 
FRON zig-zag : Does nürrowing nanan x MSN 
SIGMOID in contour: have no “undercut” A inflammatory T 
TO CECUM? ie there a correre AND Process--Probably | 
persistant, vs appear variable s Diverticulitis: 
vu idi * yes and shifting? | Posaibly ulcerative | 
B colitis. 
harrowing? ts 
narrowing il 
asyummetric-- i 
involve one |o Frobable Old | M 
a wall only? | mg 
no yes OM ———— | 
COPIE 
Y PE Him a ae iy rs a d rs naim s a Eh A Ha tar rh i As 
Choose description that EOM 
most closely matches If the findings do not 
the appearance of the lead to one or more of 
films. BE CERTAIN TEAT the diagnoses above — Jh 
NARROWING IB PERSISTENT, (3a-3e), dis CALIBRE OF 
a pe y TRE COLON IS NORMAL, 
N.D. Zonea of narrosing may be multiple. Evaluate each persistent narrowing individually. 
Fic. 3. Analysis of the roentgen examination of the colon. Flow chart for Concept 35.—Caliber of lumen. 
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Fic. 4. Analysis of the roentgen examination of the colon. Flow chart for Concept 4.—Regularity of margins. 
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ic. 5. Analysis of the roentgen examination of the colon. Flow chart for Concept $.— 
Homogeneity of barium column. 


and (5) homogenetty of barium column. 
These are, in a sense, equivalent to the 
more familiar parameters of “size, 
"shape," "number," etc. They appear to be 
à more useful mnemonic device with re- 
spect to studies of the gastrointestinal or- 
gans, however, because they provide more 
specific reminders of the abnormalities to 
be sought. 

The following characteristics of the flow 
chart should be noted: 

1. Every question requires a "yes" or 
"no" answer. The student is forced to make 
decisions based on his perception of the 
roentgenographic shadows—-an important 
step 1n his training. 

2. Each question answered—each deci. 
sion made—determines the next step to be 
taken in the analysis. The student's course 
toward a diagnosis is unambiguously de- 
fined at everv point. 

3. The structure of the flow chart takes 
account of the fact that the characteristics 
of a particular shadow may not, in the 
student's judgment, match any of the pos- 
sibilities presented to him by forcing him to 


choose the best match available. (Alterna- 
tively, he might be provided with a non. 
specific output. For example e, in Figure 1, 
an additional output, “Incomplete filling of 
uncertain significance," might be ack led as 
the conclusion to be drawn from a "no" 
response to the last question in the flow 
hart.) 

4. Where multiple diagnostic outputs 
relating to a single concept may coexist, the 
student, having reached one output, ts di- 
rected to return and consider the next series 
of questions to ensure that no diagnostic 
possibilities are overlooked (Fig. 2; 3; 4; 
and 5). 

5. Sketches are included as mnemonic 
devices and to amplify word descriptions. 
Illustrations of some sort appear to be es- 
sential to the successful application of the 
flow chart. Such pictorial material might 
better, in the future, take the form of 
photographs, lantern slides, or cathode-ray 
tube displays. 

6. The wording of the diagnostic outputs 

can be chosen to indicate the relative prob- 
ability of various diagnostic. possibilities, 
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Fic. 6. Analysis of the roentgen examination of the colon. Student worksheet. 


e.g., outputs 3b, c, and d in Figure 5. The 
introduction of probability judgments is 
another important aspect of student train- 
ing. 

Specific notations direct the student’s 
attention to particular roentgenograms in a 
complex study and guide his identification 
of abnormalities that may be manifest 
differently in different segments of the 
colon (Fig. 2). 

8. A final summary sheet (Fig. 6) is pro- 
vided to permit the student to review the 
various diagnostic outputs he has reached 
and to integrate them into the most suc- 
cinct and rational final diagnosis possible. 


APPLICATIONS 


Various applications of flow charts to the 
teaching of roentgen diagnosis are under 
studv. Self-instructional programmed texts 
based on flow chart analyses of the barium 
enema study and cholecystographic ex- 
amination have been completed, and the 
flow chart would appear to have potential 
value in the development of other tvpes of 


self-instructional materials. Its most suc- 
i application to date has been in the 
conventional classroom situation, however. 

In class work with medical students at 
Pennsylvania Hospital, representative ex- 
amples of a particular roentgen examina- 
tion are analvzed by an instructor in terms 
of appropriate flow charts. Students follow 
the analyses on copies of the flow charts 
with which they have been provided. Sub- 
sequently, in a workshop, each student is 
required to analyze additional examples of 
the examination under consideration and to 
trace his analvsis on a worksheet—an ab- 
breviated set of flow charts (Fig. 6). This 
written record is then reviewed with him, a 
process that is not only instructive to the 
student, but is helpful to the instructor in 
defining difficult visual discriminations and 
in detecting and resolving ambiguities in 
the wording of questions and outputs. 


DISCUSSION 


Finally, it is appropriate to consider 
some of the apparent advantages and dis- 
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advantages to the use of flow charts in 
teaching roentgen diagnosis. 

First, in their favor, at least at a theoretic 
level, is the fact that the flow chart offers a 
direct approach to teaching the student to 
perform precisely the task that will be re- 
quired of him. The flow chart presents a 
logical approach to film reading which 1s 
more generally applicable and philosophi- 
cally more appealing than what Felson has 
referred to as the "Aunt Minnie" approach 
to roentgen diagnosis. 

Second, the flow chart makes clear to the 
student the fact that abnormal shadows are 
of varying degrees of specificity and that 
diagnostic outputs of necessity involve 
probability judgments. The flow chart, 
thereby, gives the student some insight into 
the limitations of the method and heightens 
his understanding of the meaning of a care- 
fully framed roentgen interpretation. 

Third, in a different vein, the flow chart 
serves to guide the student’s search strat- 
egy, and may help to control one of the 
major sources of reader error in this way. 
Since it appears that an effective search 
does not follow a geometric pattern, but 
rather is a reasonable seeking after succes- 
sive clues, guided by partial information;?* 
the flow chart may prove to be a much more 
effective guide to the development of effec- 
tive search than such time honored ad- 
monitions as, “Look at the four corners of 
the film.” Further, strict adherence to the 
flow chart would preclude premature dis- 
continuance of search which appears to be 
one of the most significant sources of reader 
error. 

Fourth, the hierarchal system of ques- 
tioning which characterizes the flow chart 
provides clues or expectations with respect 
to subsequent findings. According to Hebb, 
such expectancy may play a critical role in 
the perception of visual stimuli—a rather 
formal statement of the familiar adage, 
"You see what you expect to see." The 
expectancy provided by the flow chart 
then, may actually increase the likelihood 
of the student’s perceiving critical shadows 
and may thus help to control another of the 
major causes of reader error. 
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At a more practical level, students are 
enthusiastic and express great satisfaction 
in the use of flow charts. Some of this may 
be a reflection of the novelty of the system, 
but to some extent it would appear that the 
flow chart does impart to the student a 
sense of "know how," a realization that 
there is nothing mystical in roentgen inter- 
pretation, a feeling that he, too, can “play 
the game." These attitudes, though diffi- 
cult to quantify, may be tremendously 1m- 
portant in recruiting students to this area 
of specialization. 

On the other hand, it must be admitted 
that the flow chart greatly oversimplifies 
the processes of roentgen interpretation. In 
the example presented here, several rela- 
tively uncommon diagnostic possibilities 
are not represented at all and many sup- 
posedly useful diagnostic signs have been 
eliminated from consideration. It should be 
noted, however, that the flow chart can be 
amplified to include additional criteria and 
diagnostic outputs. The flow charts illus- 
trated have been deliberately simplified to 
permit the student to visualize them, to 
learn them, and to “carry them with him." 
Similarly, questions concerning physical 
findings, laboratory data, and medical 
history might be added where pertinent. 
These, too, have been deleted in an effort to 
avoid the appearance of overwhelming 
complexity. 

Further, it might be argued that the 
colon flow charts make no reference to 
pathologic processes occurring elsewhere in 
the abdomen. The solution to this defect, of 
course, lies in the development of additional 
flow charts dealing with the interpretation 
of other intra-abdominal shadows. 

Another serious objection to the system 
lies in the fact that it remains an artificial 
system. No accomplished radiologist con- 
sciously approaches the analysis of a study 
in such a rigid, methodical, step-by-step 
fashion. There is some evidence, however, 
that the instantaneous recognition of com- 
plex visual stimuli is built upon the integra- 
tion of numerous simpler percepts, and 
perhaps the flow chart system will prove 
useful both in introducing new perceptual 
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material and in fostering this sort of inte- 
gration. 

Again, it should be noted that the flow 
charts presented here are based largely on 
introspection and are subject to all the 
errors of introspective analysis. Careful 
clinical validation is still in progress. Fur- 
ther, it is recognized that an individual's 
analysis of a roentgen study 1s probably a 
highly personal pattern of behavior, and 
that flow charts proposed by one radiol- 
ogist may not satisfy another. The flow 
charts illustrated here, therefore, are pre- 
sented only as tentative examples of a new 
teaching medium. 

The preparation of flow charts is ex- 
tremely time consuming and our experience 
is limited to studies of gastrointestinal 
organs. The system, however, is theoreti- 
cally applicable to all roentgen examina- 
tions, and the conclusion that it is more 
productive to teach the student Aow fo 
analyze a roentgenogram than to describe 
for him the findings typical of various 
disease states seems inescapable. 


SUMMARY 


Diagnostic flow charts analogous to those 
employed in computer programming but 
representing the processes of roentgen in- 
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terpretation are proposed as an aid to 
teaching roentgen diagnosis. The structure 
of the flow chart—a hieratchy of succes- 
sively more specific questions leading to 
specific diagnostic outputs—is illustrated, 
and the rationale of 1ts use, both to guide 
search and to facilitate the analysis of ob- 
served abnormalities, is discussed. Its 
potential application to self-instructional 
teaching materials 1s noted, and early ex- 
perience with its use in classroom teaching 
is described, 


Department of Radiology 
Pennsvlvania Hospital 

8th and Spruce Streets 
Philadelphia, Pennsylvania 19107 
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ITH the rapidly developing thera- 

peutic use of increased oxygen ten- 
sions, attention is being focused on many 
basic, unanswered questions regarding the 
phvsiologic and biochemical effects of such 
increased oxygen tensions upon living tis- 
sue, Because of its application in combina- 
tion with radiation therapy, either breath- 
ing 100 per cent oxygen or under hyper- 
baric conditions, the influence of high 
oxygen tensions on tumor cell growth is 
receiving particular attention. 

Recently, 2 hybaroxic radiation cen. 
ters'5 have reported a seeming increase in 
metastases following radiation therapy un- 
der hyperbaric conditions for advanced 
neoplasms. Whether exposure to hyper- 
baric oxygen (HPO) influenced metastatic 
growth in these cases is unknown. 

The exact role of increased oxygen ten- 
sions in the spread and growth of metastatic 
tumors has yet to be explored in depth. 
Bean e£ al.’ have shown that 6 atmospheres 
absolute (ATA) oxygen inhibits the growth 
of Erhlich ascites tumor cells in vitro, 
Similar zz vifro results were obtained by 
others? using different tumor cells. The 77 
vivo results have been reported variously 
as no inhibition of tumor growth?}:!}145 or 
as a decrease in metastases.? The time- 
lE RS naue Sane from 


2- -83 deus Or multiple exposures € ona . daily 
or even weekly basis. In the majority of 
these studies, especially prior to 1 964, the 
pressures employed were greater than those 
which could be used therapeutically. 

The present studv is designed to investi. 


* Presented at the Fifteenth Annual Meeting of the Association of University Radiologi gists, Phila 
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vania. 
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gate the effects of oxygen, at time-pressure 
relationships within the human therapeutic 
range, on the growth and distribution of an 
established, rapidly metastasizing tumor. 


MATERIAL AND METHODS 


Animals, Rats (CEN albino, male, 160- 
180 gm.) were selected as the Hest animal 
because at the pressures employed in this 
study, they are relatively resistant to the 
pulmonary and central nervous system 
manifestations of oxygen toxicity, Animals 
were housed 4 to a metal cage and fed 
Wayne Lab Blocks and water ad libitum. 

Tumor. A Walker carcinosarcoma R256, 
obtained from the tumor strain maintained 
in the Department of Pathology at Jetfer- 
son Medical College, was followed through 
5 serial passages in our CEN rats. Constant 
growth . characteristics and metastatic 
spread were noted in each generation. Sec- 
tions of viable tumor (1-2 mm.) excised 
from the sacrificed donors were imme- 
diately transplanted into the right axilla 
Via a 13 gauge trochar without anesthesia. 

Chamber, An animal hyperbaric chamber 
was obtained on loan from Dr. J. P. Con. 
cannon of the Allegheny General Hospital. 
This cylindrical vessel measures 2 feet in 
diameter and 4 feet in length with a volume 
of 12.6 cubic oe It comfortably holds 30 
rats in 2 large wire cages. Two observation 
portals of 7.5 inches and §.5 inches are 
located on the top and side of the tank. 
Baralyme granules were placed inside the 
chamber to absorb CO». The chamber was 
flushed at 25 liters/min. for 3 minutes with 
oxygen, ie the pressure was raised to 
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30 pounds per square inch gauge (p.s.1.g.) 
over 7-10 minutes. This was maintained for 
60 mondes with flushing every 15 minutes 
at 25 liters/min. for 2 minutes to help pre- 
vent CO, accumulation and to maintain a 
constant temperature of 24-25°C. Con- 
tinuous decompression was carried out 
over 7-10 minutes. 

Experimental Design. Exposure of the 
rats to the various gaseous environments 
was instituted on the tenth day following 
tumor transplant. The animals were di- 
vided into 4 groups of 15 animals each. 
The exposure regimen consisted of a 1 
hour daily exposure, on 5 consecutive days 
per week, to the following oxygen tensions: 
1 atmosphere absolute (ATA) air control 
(152 mm. Hg), 3 ATA air (456 mm. Hg), 1 
ATA oxygen (760 mm. Hg), and 3 ATA 
oxvgen (2,280 mm. Hg). 

All tumor-bearing animals in the first 
experimental series were sacrificed and 
autopsied after 8 oxygen exposures on the 
twentieth day after transplant. In the 
second series, the animals continued the 
above regimen until death; the last animal 
died on the thirty-third day after trans- 
plant. Autopsies were performed as soon as 
possible after death and the following in- 
formation recorded for both series: weight 
of animal, weight of tumor and metastatic 
nodules, dimensions of tumors and nodules 
(volumes were calculated by the formula 
4/3 Mires), weights and size of the lungs, 
spleen, liver, kidneys, and adrenal glands 
with sections of these organs taken for 
histologic study. In both series, special 
note was made of the distribution of 
lymph node metastases; to be counted, a 
nodule had to attain a minimum size of 
o.§ cm. In one series, the longest diameter 
or the primary tumor was also measured 
daily until adjacent metastatic nodules 
made measurement difficult. 


Preliminary studies showed that the 
CEN rat was resistant to the pulmonary 
and central nervous system manifestations 
of oxygen toxicity when exposed daily for 
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1 hour at 3 ATA oxygen, $ days per week, 
for 3 weeks (the longest exposure that any 
tumor bearing animal experienced was 3 
weeks). No convulsions were noted, they 
appeared comfortable in the chamber, 
sleeping through most of the 60 minutes, 
gained weight and no microscopic evidence 
of lung damage was found. 

The typical pattern of growth of the 
Walker carcinosarcoma was the develop- 
ment of a 1.5 cm. axillary tumor mass in I 
week. This mass quadrupled in size over 
the next ro days followed bv palpable 
adjacent nod lules in the axilla plus central 
necrosis of the primary tumor. The meta- 
static spread then involved, in chronologic 
order; the lungs, opposite axilla, adrenal 
glands, liver, mediastinum, cervical lymph 
nodes, inguinal lymph nodes, and finally 
the abdominal lymph nodes. Death from 
metastases occurred in approximately 4 
weeks. The microscopic appearance of or- 
gan metastases was in the form of tumor 


cell nests, sometimes intravascular in 
nature. Also noted was an interstitial 
pneumonia associated with pulmonary 


metastases; this was not seen previously in 
either oxygen exposed or unexposed non- 
tumor bearing animals. 

The first experimental series was ter- 
minated after 8 chamber sessions, the point 
when early metastases to adjacent axillary 
lymph nodes had just started. The data in 
Table 1 indicate no significant difference in 
the parameters measured in the experi- 
mental or control groups at this time. 
Microscopic examination. of the adrenal 
glands (an earlv site of metastases) con- 
firms the lack of an oxygen effect with small 
numbers of tumor cells noted equally in all 
groups. 

Figure 1 shows the growth rate of the 
tumor as measured externallv from the 
tenth to the seventeenth day after which 


time adjacent metastatic nodules pre- 
vented further accurate measurement. 


There were no marked external evidences 
of early differences in growth rate. 

In the second series of experiments, the 
rats were exposed to oxygen from the 
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Tase I 
RESULTS OF 8 DAILY 1 HOUR HYPERBARIC OXYGEN (HPO) EXPOSURES UPON ESTABLISHED 
. WALKER CARCINOSARCOMA R256 
Ro C LM I C QA IMMER C QE 

| Air | Air | Oxygen | Oxygen 

| Control* | $ ATA* | i ATA* 3 ATA* 
eu C CMM M M E E EE Pu eee = prec qe —— " 
Primary tumor weight (gm.) [Do 2p po | Ja tI G 304.3 0.2 | C A 
Primary tumor volume (cm.?) | 25.8 12.1 | 20:8 E3943 | 20:04 0.3 | 25.0 b4.5 
Lung weight (gm.) | o2.14 0.6 | ong de uo KELo d. Brow 
* . : ł H 
Spleen weight (gm.) | 2.55 0.22] 2.34 0.6 | 2.150.5 | 2.30.5 
Adrenal size (cm.) | O.£:k 0.09 | 0.6 0.08 | 0.5t0.07 | 0.50.09 
Per cent of animals with axillary metastases | 50 | $7 | X 54 
EE cU on: eT Tr d ehm eee ee EU CN 














Note: Rats were exposed to HPO on Days to, 11, 12, 13, 14, 17, 18, and 19 after transplant and sacrificed on Day 20. ATA atmos- 


phere absolute. 
* Mean value - S.D. 


tenth day after transplant until death. The 
mortality among the experimental and 
control groups was similar (Fig. 2). The 
rats expiring between the eighteenth and 
thirtv-third days after transplant were 
chosen for further analysis. (Further break- 


Tumor Diameter cm. (log scale) 
E 








0 n m2 B M 1! 5 1! y 
Days after Transplant 


Fic. 1. Growth rate of Walker carcinosarcoma R256. 
Tumor was measured daily from Day 10 to 17 
after transplant. O control; @=3 ATA air; A= 
1 ATA oxygen; A=3 ATA oxygen. 


down between the twenty-fourth and 
thirty-third day gave the same statistical 
results.) 

The volume of the primary tumor in the 
second series showed a growth inhibiting 
effect of the increased oxygen tensions as 
reflected in the calculated mean tumor 
volumes (cubic cm.) of 50.7 29.7, 37.9+ 
26.6, 20.6 + 14.0, and 25.0 10.0 for 1 ATA 
air, 3 ATA air, 1 ATA oxygen and 3 ATA 
oxvgen, respectivelv. While the difference 
between 1 ATA air and 3 ATA air is not 
highly statistically significant, one notes a 
tendency towards a decrease in volume 
with the increased oxygen tension. Both 1 


Total No. Deaths 





g irra Daas, cia eae MICE Saabs ftam: baa Siemans | 


1 — 20 22 24 #26 B 30 632 
Days after Transplant 


Fic. 2. Death rate of tumor bearing rats. HPO 
started on Day to after transplant of Walker 
carcinosarcoma R256. O-=control; @=3 ATA 
air; A 1 ATA oxygen; A=3 ATA oxygen. 
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and 3 ATA oxygen as compared to the 1 
ATA air control are significant at a Pa) < 
0.05. 

Significant differences were also ob- 
served in the metastases. The mean number 
of metastatic nodules per animal was 2.55, 
2.55, 2.00 and 1.89, respectively, for the 1 
ATA air, 3 ATA air, 1 ATA oxygen, and 3 
ATA oxygen. A composite distribution of 
these nodules depicted in Figure 3 reveals 
the marked inhibition of distant metastatic 
spread by increasing oxygen tensions; this 
is especially evident below the level of the 
diaphragm. This halt in the normal chron- 
ologic pattern of tumor spread is supported 
by the histologic findings in our prelimin- 
ary studies. Estimates of the number of 
tumor foci within the lungs, adrenals, and 
livers of these animals were half as great 
for the 3 ATA oxygen group as compared 
to the 1 ATA air group. 


lymph Node Metastases 








Oxygen 3 ATA 


Oxygen 1 ATA 


Fie. 3. Schematic representation of lymph node 
metastases. Walker carcinosarcoma R256 was 
transplanted into the right axilla of the rat and 
exposure continued from Day to after transplant 
to death. + — 1 metastasis. 
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DISCUSSION 


The primary purpose of this investiga- 
tion was to contribute to the understand- 
ing of the effects of increasing oxygen ten- 
sions upon the im vivo growth and distribu- 
tion of a rapidly growing and metastasizing 
tumor. The combination of time and pres- 
sure Is a prime determinant as to the nature 
of the results obtained; sufficient exposures 
at adequate oxygen tensions will cause the 
inhibition of tumor cell growth. The results 
of our second series are particularly signifi- 
cant in the development of this concept. 
Had we not included this second series 
involving a longer exposure time, then our 
conclusions from the first series would be 
that HPO had no effect upon tumor 
growth; this conclusion would have been 
virtually identical to those of Campbell,*® 
Suit e al. McCredie e al. and Johnson 
ct al But inspection of the distribution of 
metastases suggests that somewhere be- 
tween 0.6 ATA oxygen (3 ATA air) and 1 
ATA oxygen, there is a critical oxygen level 
or threshold, beyond which the manifesta- 
tions of tumor growth inhibition after 
sufücient exposure time become statis- 
tically significant. 

The inhibitory effects reported herein 
can be attributed to increased oxygen ten- 
sions rather than pressure per se. We found 
a similar distribution and number of metas- 
tases as well as no statistical difference in 
the primary tumor volume between the 1 
ATA air control and 3 ATA air groups. Had 
the observed inhibitory effect been due to 
pressure, then we would have anticipated 
that there would be a similarity between 
the 3 ATA air and 3 ATA oxygen groups, 
or at least a statistically significant differ- 
ence between tumor volume and distri- 
bution in the 3 ATA air as opposed to 1 
ATA air. Thus our results are in line with 
those of Bean ef a]? who reported little 
inhibition of tumor cell suspension viability 
upon exposure to 6 ATA air for 16 to 22 
hours. 

The similarity in mortality rate among 
all 4 groups might be explained on the 
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basis that most animals died from respira- 
tory problems due to lung metastases. The 
presence of pulmonary tumor cell metas- 
tases was accompanied by an interstitial 
pneumonia, the severity of which was not 
related to the number of tumor cells pres- 
ent, Even the fewer metastases seen in the 
1 and 3 ATA oxygen groups resulted in the 
same amount of pulmonary disease and 
mortality. Other authors have noted this 
phenomenon of decreased pulmonary me- 
tastases but no difference in mortality 
[ato 

In evaluating our results, the explana- 
tions for the lessened tumor growth and 
spread with increased oxygen tensions is 
unknown. The oxygen may be exerting a 
direct toxic effect upon the tumor cell, 
acting at a site which is more sensitive to 
oxygen in a neoplastic cell. J» vitro cell 
culture studies?*§ would support this 
theory. Or with time, the tumor metabo- 
lism might change, making it more sensi- 


tive to oxygen at different periods of 


growth. Alternatively, oxygen may affect 
the tumor-host relationship in ways other 
than what is usually implied by “oxygen 
poisoning” of cells; any proliferating or 
rapidly metabolizing cell could be affected 
in ways as yet unknown. The immune re- 
action against the tumor might have been 
enhanced and thus slowed tumor growth. 
Any combination of these factors would 
also produce the observed inhibition. 

Table 11 summarizes the conflicting re- 
ports in the literature concerning oxygen 
effects upon neoplastic growth. Two types 
of HPO studies have been tabulated; (1) 
HPO effects upon zz vitro tumor growth 
and (2) HPO effects upon in vivo tumor 
growth. The difficulties encountered in the 
interpretation of this Table are manyfold 
and include the following points. 

The susceptibility of an animal to oxy- 
gen toxicity (as experienced with mice) 
limits the time-pressure relationship for 
oxygen administration. The oxygen poison- 
ing experienced by an animal exposed to an 
improper time-pressure relationship may 
cause uncontrolled secondary effects upon 
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a tumor, Secondly, the criteria for noting 
an oxygen effect upon tumor growth vary 
with each author and range from tumor 
measurement (external and at autopsv) to 
tumor weight, animal weight, survival 
days, cell counts of ascitic fluid, viability 
of transplanted cells, to gross and micro- 
scopic metastasis data. As Kluft and 
Boerema” and Cohen e a7? point out, and 
our work substantiates, animal survival 
time may be unaltered despite the mea- 
surable decrease in tumor volume in ex- 
posed animals. Furthermore, different 
tumor systems may vary in the response 
to oxygen. Rapidly dividing cells might be 
more sensitive while slowly growing tumors 
could be relatively unaffected. Cohen e a/. 
point out that their best inhibition occurred 
during the log phase of growth of the 
Ehrlich ascites tumor. The inherent diff- 
culties of tumor transplantation add to the 
complexity of the situation by including 
such variables as spontaneous regressions, 
tumor-host relationships, and changing 
degrees of malignancy. 

The 17 vitro work is unanimous in ob- 
taining tumor cell inhibition or even death, 
but in this type of study one can employ 
exposures prohibitive in animal work. The 
in vivo studies have never produced a 
significant Increase in the tumor growth 
rate or metastatic spread in anv of the 
svstems studied. 

CONCLUSION 

The tumor and metastatic growth of the 
Walker carcinosarcoma can be inhibited bv 
increased oxygen tensions in an adequate 
time-pressure relationship. À review of the 
literature further points out the fact that 
hyperbaric oxygen does not cause an in- 
crease In animal tumor growth or spread. 
Cornelia M. Dettmer, M.D. 

Division of Radiotherapy 
Jefferson Medical College Hospital 
Philadelphia, Pennsylvania 19107 

The authors wish to express their apprecia. 
tion to Mrs. Eleanor Jaffee, Miss Iris Paster- 
nack and Messrs. Ed Secula, Henry James 
Hanna, Larry Kun, and Glen Metz for their 
skilled technical assistance. 
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RADIATION EFFECTS ON A CONDITIONAL CELL 
RENEWAL SYSTEM UNDER CONTINUOUS 
LOW DOSE-RATE EXPOSURE* ° 


By JACOB I. FABRIKANT? 


BALTIMORE, MARYLAND 


( UR knowledge of the response of mam- 

malian cell renewal systems to con- 
tinuous low dose-rate gamma irradiation is 
limited to relatively few tissues, primarily 
the crypt population of the small intestine 
and the bone marrow?! The experimen- 
tal evidence indicates that for such renewal 
tissues with relatively high rates of cell 
proliferation and cell loss, a steadv state of 
cell population can be established under 
continuous irradiation, mainly by the pro- 
duction of sufficient numbers of mature 
cells to maintain function at a lower level 
of cell population. The factors which de- 
termine the state reached involve cellular 
radiosensitivitv, which determines the rate 
of cell death, and compensatory cell pro- 
liferation, which determines the rate of 
cell birth.?? In rapidly proliferating cell 
renewal systems under continuous irradia- 
tion, 1t appears that there is not a serious 
accumulation of sublethal damage from 
generation to generation?! mainly due to 
the selection-out of damaged cells at divi- 
sion.” 

In slowly dividing cell renewal systems, 
however, such selection-out of damaged 
cells would be expected to be less efficient, 
and it is important to know whether under 
continuous irradiation there 1s an accumu- 
lation of sublethal damage which could 
seriously affect cell proliferation, and thus 
the regenerative capacity of the tissue. The 
parenchymal cells of the liver comprise a 
conditional cell renewal system which has 
a very low rate of proliferation; while the 
tissue ordinarily undergoes little or no re- 
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ic. 1. Scheme of the compartments of the paren- 
chymal cell proliferative system as a conditional 
renewal system based on the general model de- 
scribed by Quastler.? The proliferative cycle 


thesis phase; Ge postsynthetic phase; M = mito- 
sis). The system contains à population of poten. 
tially proliferative cells (Gg) which produce at a 
low rate or only on stimulation (partial hepatec- 
tomy, p). Additional phases of Tr, transitional 
and mature cells, yield a basic scheme with at 
least 6 compartments. 


newal, it may do so in response to a demand 
situation such as partial hepatectomy”? 
(Fig. 1). An accumulation of cellular radia- 
tion damage during continuous exposure in 
cells with long intermitotic times could be 
expected to alter the kinetics of cellular 
proliferation during regeneration after par- 
tial hepatectomy, as for example, changes 
in proliferation rates, the size of the pro- 
liferating population, and the duration of 


* Presented, in less detailed form, at the Fifteenth Annual Meeting of the Association of University Radiologists, Philadelphia, 


Pennsylvania, May 11-13, 1967, 
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+ 
the cell cycle. The following studies ex- 
amine the extent to which the parenchymal 
cell population of the rat NC as a condi- 
tional cell renewal system accumulates 
damage under continuous low dose-rate 
irradiation affecting cell proliferation and 
thus the speed and efficiency. of regenera- 
tion. Since it has been shown that rats ex- 
posed to go rads/day can tolerate large 
doses for more than 16 weeks,” rats irradi- 
ated at 47 rads/day for 15 days were used 
in the present studies for examining paren- 
chymal cell population Kinetics at frequent 
intervals during the first 56 to 64 hours 
during regeneration. 


MATERIALS AND METHODS 


Details concerning the rats, continuous 
irradiation facility, technique of partial 
hepatectomy, labeled DNA precursor (tri- 
tiated thymidine), high resolution auto- 
radiography, quantitative histology, and 
chromosome preparations have been de- 
scribed in previous publications. i|, These 
will be summarized briefly here, but for 
more detailed descriptions of the techniques 
and facilities used, the previous reports 
should be reviewed. 

August strain male rats, 6-8 weeks old 
and weighing approximately 100 gm., were 
used. The control rats were housed in 
groups of § and the irradiated rats indi- 
o All were fed food (M.R.C. Diet 
NO. 41 B) and water ad /ibitum. 

"The continuous gamma irradiation unit 





contained a central source of § curies of 


cesium 137 and was designed to irradiate a 
large number of animals at 47 rads/day.? 
The rats were given whole body ssa us id 
continuously for approximately 395.9 hf 
day; on completion of the exposure period, 
they were removed from the irradiation 
chamber for partial hepatectomy and not 
replaced unti] killed. 

A standard technique for two-thirds 
partial hepatectomy was used.'? Tritiated 
thymidine, specific activity 10-15 uc/mM 
(Radiochemical Centre, Amersham, Berk- 
shire), in 100 uc/ml. solution of normal 
saline, was injected intraperitoneally, o.5 
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uc/gm. body weight. Rats were killed (in 
groups of 2 or 4, as designated) with heavy 
ether anesthesia and cervical dislocation 1 
hour or at frequent intervals after injec- 
tion according to the experiment. A small 
portion (1 to 2 gm.) of the right lobe of the 
liver was fixed (ethanol-formalin-acetic 
oe) for 24 hog ang sored d Uu per cent 


b ned. from ei tissue were 
prepared on gelatin-alum coated slides for 


high resolution autoradiography (liquid 
emulsion-dipping method). Slides were 


dipped in [ford K-5 Nuclear emulsion 
(50*C.), dried, stored, and exposed at 4° C. 
for 2 or 3 weeks, according to the experi- 
ment. They were then developed i in Kodak 
Digb developer, fixed in Johnson FixSol 
(16° C), washed, dried, stained with 
hematoxylin and eosin and mounted. 

All parenchymal cells were scored 
representative cross sections of intact 
liver lobules, and percentage labeling and 
mitotic indices (in counts of 5,000 to 7,500 
cells) and mean grain counts (in ço cells) 
in the studies on cell proliferation in resting 
and regenerating liver, and the percentage 
of mitoses labeled in the studies on the 
parenchymal cell cycle were determined.!? 

l'or studies on radiation-induced chromo- 
some aberrations, rats were irradiated con- 
tinuously for periods up to 60 days. After 
exposure, they were partially hepatec- 
tomized and killed in groups of four 3o 
hours later, 7.e., during the wave of cell 
division. Liver tissue was minced in cold 
methanol-chloroform-proprionic acid fixa- 
tive, and squash preparations prepared in 
2 per cent acetic orcein stain. A minimum 
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PARENCHYMAL CELL PROLIFERATION IN NORMAL 
AND CONTINUOUSLY IRRADIATED RATS 
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Percentage Mean Grain 

Group Labeling Count 
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HOURS AFTER PARTIAL HEPATECTOMY 


ic. 2. (2) The temporal pattern of incorporation of tritiated thymidine into proliferating parenchymal cell 
nuclei in the rat liver at frequent intervals during the 64 hours following partial hepatectomy. The mean 
values and range for 4 rats at each sacrifice interval are shown. (B) The temporal pattern of parenchymal 
cell mitoses in the rat liver at frequent intervals during the 64 hours following partial hepatectomy. The 
mean values and range for 4 rats at each sacrifice interval are shown. (C) Histogram of the hourly rate of 
entry of cells into synthesis after partial hepatectomy determined from the labeling and mitotic index 
data. The duration of mitosis is 1 hour and of synthesis, 8.0 hours. 


of 100 to 150 mitoses per slide were scored, 
and anaphase-telophase aberrations per 
100 mitoses were determined in irradiated 
and control livers.4:54! 


RESULTS 
RESTING LIVER 


Mitotic indices, 1 hour percentage label- 
ing indices, and mean grain counts in 
parenchymal cells in the normal and con- 
tinuously irradiated liver were determined 
(Table 1). Cells in division were extremely 


rare in both groups and appeared normal. 
Percentage labeling indices and mean grain 
counts were not significantly different be- 
tween unirradiated and irradiated rats. 


REGENERATING LIVER 


Unirradiated rats. The pattern of 1 hour 
percentage labeling indices at frequent 
intervals during the 64 hours after partial 
hepatectomy in 92 rats 1s shown in Figure 
24. At 12 hours, labeled liver cells were first 
seen in the region of the portal triads; there 
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. 
was a rapid rise in labeling indices to 44 
per cent at 25 hours followed by a gradual 
fall during the next 40 hours. A second anc 
tall during tl t 40 | \ l and 
smaller rise occurred between 44 and $2 
hours. Elevated levels persisted for a num- 
ver of days, returning to normal after 2 to 
| f davs, ret gt | after 2t 
3 weeks when regeneration was complete. 
Cell division began at 21 hours after partial 
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gee 


hepatectomy (Fig. 25). The mitotic index 
rose rapidly to 4 per cent by 33 hours, and 
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then declined; a second smaller rise oc- 
curred between £2 and 60 hours. Mitotic 
indices remained elevated for a few days, 
and returned to normal levels by 2 weeks. 
Waves of cells in division followed those in 
DNA synthesis by approximately 8 hours; 
allowing for this interval there were ¢ to 
ro times as many cells labeled as 1n mitosis. 
Figure 2C is a histogram of the hourly rate 
of entry of cells into DNA synthesis during 
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HOURS AFTER PARTIAL HEPATECTOMY 


Fic. 3. (ef) The temporal pattern of DNA synthesis in proliferating parenchymal cells in the regenerating 
liver after prior continuous irradiation at 47 rads/day for 1; days. The mean values and range for 4 rats at 
each sacrifice interval are shown. (B) The temporal pattern of parenchymal cell division in the regenerat- 
ing liver after continuous exposure to 47 rads/day for 1s days. The mean values and range for 4 rats at 
each sacrifice interval are shown, (C) Hourly rate of entry of parenchymal cells into DNA synthesis during 
the £6 hours of regeneration after partial hepatectomy in rats continuously irradiated at 47 rads/day for 
15$ days; the duration of mitosis is 1 hour and of synthesis, 7.0 hours. 
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HOURS AFTER PARTIAL HEPATECTOMY 


Fic. 4. Cumulative percentage entry of proliferating parenchymal cells into DNA synthesis during the 64 
hours of liver regeneration after partial hepatectomy in unirradiated August rats, and during the 56 hours 
of liver regeneration in rats previously exposed to 47 rads/day for 15 days. 


the initial 64 hours of regeneration calcu- 
lated from the mitotic and labeling index 
data corrected for the increasing mass of 
the liver remnant.!5188 The duration of 
DNA synthesis was taken as 8.0 hours 
based on percentage labeled mitoses data 
(Fig. 68). Rather than a burst of prolifera- 
tive activity in a large population of hepa- 
tocytes, there was almost a steady passage 
of cells through synthesis at a rate of ap- 
proximately 4 per cent/hr. until 5o hours, 
followed by a gradual decline. By 64 hours, 
most of the cells necessary for restoring a 
very large proportion of the hepatic cell 
deficit had entered synthesis. 

Irradiated rats. The pattern of 1 hour 
percentage labeling indices and mitotic 
indices of parenchymal cells during the 
s6 hours after partial hepatectomy and 
prior continuous irradiation at 47 rads/day 
for 15 days are illustrated in Figure 3, 4 
and B. Prior continuous irradiation delayed 
the onset of cell proliferation and cell divi- 
sion after partial hepatectomy by approxi- 
mately 6 to 10 hours. Waves of labeled cells 
and mitoses were broader than in the unir- 
radiated animals, and peaks were lower, 
separated by approximately 1o hours, and 
declined more slowly. Taking the duration 
of synthesis at 7.0 hours, based on per- 
centage labeled mitoses curves (Fig. 6C), 
and correcting for the interval growth of 
the liver mass,'*1** the rate of entry of 
cells into DNA synthesis was decreased to 
approximately 3 per cent/hr. after irradia- 


tion, and the gradual decline occurred ap- 
proximately 8 hours later than in control 
animals (Fig. 3C). 

By 56 hours, the cumulative hourly label- 
ing and mitotic indices, #.e., the fraction of 
hepatocytes proliferating, after irradiation 
were both 20 per cent below normal values 
(Fig. 4). While the synthesis-mitosis se- 
quence was efficient in the control and ir- 
radiated groups, the rate was decreased and 
fewer cells proliferated after irradiation. 
Allowing for a gradual decline in rates of 
proliferation after 56 hours, the unirradi- 
ated rats replaced a large fraction of the 
liver cell deficit by 72 hours, while the ir- 
radiated rats required more than 100 hours 
for equivalent cell restoration. 

The mean grain counts at different label- 
ing periods during regeneration varied 
widely and were higher in the irradiated 
animals (Fig. 5). This may have been due 
to increased polyploidy or a greater avail- 
ability of tritiated thymidine in the ir- 
radiated rat.?»* 

Parenchymal cell cycle during regenera- 
tion. Following flash-labeling with tritiated 
thymidine, the relationship between the 
fraction of mitoses labeled and time may be 
used for estimating the duration of the 4 
main phases of the cell cycle?? in a pro- 
liferating cell population.***? The first wave 
of labeled mitoses is often well defined, and 
in most cell populations, the variation in 
the presynthetic (Gi) phase is greater than 
the variation in the postsynthetic (Gy), 
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HOURS AFTER PARTIAL HEPATECTOMY 


Fic. 5. Mean grain counts over parenchymal cell nuclei in DNA synthesis at frequent intervals after partial 
hepatectomy in unirradiated rats and in rats continuously exposed to 47 rads/day for 15 days. 


synthesis (S) or mitotic (M) phases. On 
graphic analysis of an experimental curve, 
the 50 per cent points of the first wave of 
labeled mitoses measure the mean duration 
of the S phase (Fig. 64). The duration of 
the Gi.+M/2 compound is measured on 
the abscissa from the time of injection 
(o hr.) to the midpoint of the ascending 
limb, whereas the duration of mitosis may 
be roughly estimated as its rise-time. Since 
by this method, the cycle time (T,) and the 
duration of the G, phase can only be de- 
termined for cells dividing for two or more 
times, only the durations of the G3, M and 
S phases of proliferating parenchymal cells 
in the regenerating liver can be measured 
with any precision. 

Tritiated thymidine was injected at 20 
hours (unirradiated rats) or 30 hours (ir- 
radiated rats) after partial hepatectomy; 
animals were killed in pairs at frequent 
intervals, and the fraction of mitoses 
labeled with time after injection was scored 
in each group. The theoretical experimental 
curve, and unirradiated and irradiated 
curves for regenerating parenchymal cells 
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Fic. 6. Percentage labeled mitoses curves (4) for a 
cell renewal system, (B) for proliferating paren- 
chymal cells in the regenerating liver of unir- 
radiated rats, and (C) after continuous irradia- 
tion at 47 rads/day for 15 days. The time of in- 
jection of tritiated thymidine (o hour in 4) cor- 
responds to 20 hours and 30 hours after partial 
hepatectomy in control and irradiated animals, 
respectively. Each point represents 1 animal. 


are shown in Figure 6, 4, B and C. The du- 
rations of the Gz+M/2 and S phases of the 
proliferating parenchymal cells, and the 
approximate values for the G, phase and 
the cell cycle, Te, for cells dividing for a 
second time are listed in Table u. Nor- 
mally, the shortest duration of the G, 
period was 2.5 hours, the mean duration of 
the G;+M/2 period, 3.0 hours, and of S, 
8.0 hours. Very approximate durations for 
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the G, phase and T, for cells dividing more 
than once were 3.5 hours and 15.0 hours, 
respectively. After irradiation, the curve 
was similar to that of the unirradiated ani- 
mals, but with more scatter of experimental 
points. There was a shortening of the dura- 
tion of S by r.o hour, a decrease in the mean 
duration of G,-- M/2 by 0.5 hour, of G, bv 
0.5 hour, and possibly a decrease in mean 
T. by 2.0 hours. 

Chromosome aberrations. Figure 7 illus- 
trates the number of spontaneous and 
radiation-induced anaphase-telophase aber- 
rations per 100 liver cell mitoses scored 30 
hours after partial hepatectomy. There was 
little change in control values during this 
period, although it has been shown that 
the number of spontaneous aberrations 
increased with age, from approximately 10 
per cent in 6 week old rats to 15 per cent in 

23 week old animals.!°" About 10 per cent 
of the aberrations observed in irradiated 
animals were considered to be spontane- 
ously produced. After exposure to 47 rads/ 
day there was a rapid rise to approximately 
30 aberrant cells/100 mitoses by the third 
week. After the initial rise, however, the 
frequency did not increase, butremained 
constant with time and accumulated dose. 
Polyploid cells had fewer aberrations de- 
spite the greater numbers of chromosomes. 


DISCUSSION 


In rapidly dividing cell renewal systems 
under continuous low dose-rate irradiation, 
there is an effective selection-out of dam- 
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number of chromosome aberrations in proliferat- 
ing parenchymal cells during liver regener ration 
in rats continuously exposed to 47 rads is shown. 
The mean values: standard error of the mean 
at each sacrifice interval are given. 


aged cells as well as repair of sublethal 
damage affecting cell proliferation and thus 
the speed and efficiency of regeneration. In 
a more slowly dividing or conditional cell 
renewal system, such as the liver, there ap- 
pears to be apparently some intracellular 
repair or pun of cellular radiation 
damage.-*? If radiation produced lethal, 
hn effects on cells with long 
intermitotic times, then conditional re. 
newal tissues would accumulate cellylar 
damage impairing adequate proliferative 
capacity. However, the experimental evi- 
dence indicates that the pattern of cell 
proliferation after partial hepatectomy was 
relatively little disturbed by prior exposure 
to a dose rate of 47 rads/day in spite of 
the accumulation of relatively large radia- 
tion doses and in the presence of consider- 
able chromosomal injury. 

Under continuous irradiation, the turn- 
over time of the parenchymal cell popula- 
tion, taking the duration of DNA synthesis 
as 7.0 to 8.0 hours, remained unchanged at 
i00 to rco days, provided all cells com- 
prised the proliferative pool and divided. 
While the grain count distribution varied 
widely, the elevated mean grain counts in 
irradiated cells may have been due, in 
part, to the development of polyploid 
hepatocytes in the growing rat,'? and to the 
production of polyploid cells as a result 
of radiation injury.2%*8 

However, following continuous exposure 
at 47 rads/day, parenchymal cell prolifera- 
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tion could be initiated and maintained 
after partial hepatectomy, but at a de- 
creased rate, And in spite of having ac- 
cumulated chromosome damage. Prior ir- 
radiation delayed the onset of DNA syn- 
thesis and cell division, decreased the num- 
bers of cells proliferating, decreased the 
rate of entry of cells into DNA synthesis, 
and increased the over-all period of cell 
proliferation during regeneration. There 


was a slight shortening of the duration of 


the Sand G+ M;2 phases in the proliferat- 
ing cell population and an increase in the 
number of observable chromosome aberra- 
tions and of polyploid parenchymal cells. 
However, the pattern of cell proliferation 
after partial hepatectomy was relatively 
little disturbed by continuous irradiation, 
even by large accumulated doses; while the 
efficiency of cell proliteration was reduced, 
irradiated parenchymal cells remained cap- 
able of dividing a few times to replace a 
very large proportion of the cell deficit 
within approximately 1 week. 

The accumulation of nonlethal cellular 
damage under continuous irradiation in the 
stem cells of a conditional renewal tissue ts 
one of the major factors affecting the re- 
generative capacity of the precursor cell 
population. À mechanism influencing the 
speed and efficiency of regeneration follow- 
ing radiation injury and compensating for 
the decreased rate of entrv of cells into 
DNA svnthesis and mitosis would be speed- 
ing up of the cell cycle. The data indicate 
that under continuous exposure, the dura- 
tions of the S and G; + M/2 periods were 
shortened by 1.0 and o.§ hours respectively, 
thereby increasing the rate of prolifera- 
tion at the lower population level. Thus, in 
the unirradiated regenerating liver, most 
cells divided only once, and some twice, to 
restore a large fraction of the original cell 
numbers within 3 days. After irradiation, 
fewer cells participated in the regenerative 
process and an increased number of divi- 
sion cycles was necessary. Damaged cells 
which have lost their capacity for indefinite 
division apparently could still divide sev- 
eral times to replace the cell deficit. 
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A speeding-up of cells through the S and 
Ge compartments would also compensate 
for the radiation inhibition of the onset of 
cell proliferation after partial hepatectomy, 
and for the decrease in the cell population 
participating in the regeneration. The pro- 
longed regenerative process after irradia- 
tion would permit more divisions in the de- 
creased proliferating cell population, indi- 
cating that biochemical pathways neces- 
sary for rapid cell proliferation after partial 
hepatectomy remain operative for a longer 
period in the irradiated animal. 

Cellular radiation injury, such as polv- 
ploidy and chromosome damage, accumu- 
lated under continuous exposure would also 
be major factors affecting the proliferative 
capacity of the precursor cell population 
and its ability to deal with chronic stress. 
The decreased proliferation rate could have 
resulted, in part, from radiation-induced 
polyploidy. Mean grain counts were gen- 
erally higher in irradiated. animals, and 
this mav have been due to increased polv- 
ploidy or to a greater availability oF tri- 
tiated thymidine to proliferating cells. 39% 

At 47 rads ‘day for up to 60 days, after 
an initial rise in the yield of chromosome 
aberrations, the frequency remained con- 
stant with time after the the second week. 
Such a steady state condition, in which the 
loss or repair of intracellular damage equals 
the rate of production, has been observed 
in Tradescantia and Ficia faba under con- 
tinuous low dose-rate exposure.??* Repair 
of initial radiation damage is known to 
have occurred, since in recent studies!’ 
on effects of exposure to dose-rates from 
16 rads to 375 rads/day, it was shown that 
the number of chromosome aberrations was 
dose-rate dependent. The constant inci- 
dence of chromosome aberrations with in- 
creased duration of exposure indicated 
that long-term repair of chromosome dam- 
age occurred with the passage of time, 
either by repair of intracellular damage 
during interphase or by the selection-out 
of damaged cells by cell division.i- 51151758 
As far as the repair of chromosome injury 
under continuous irradiation in a condi- 
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tional cell renewal system, such as the non- 
proliferating liver, is concerned, the most 
recent exposure appears to be most effec- 
tive, and repair of cellular radiation damage 
can occur in tissues with normally low rates 
of cell proliferation. 


CONCLUSIONS 


The response of the cell renewal systems 
of the body to continuous low dose-rate 
irradiation. appears to be a consequence 
primarily of the difference in dose-rate at 
which a steady or near-steady state of cell 
population can be established at a lower 
population level and can maintain essential 
function? [t appears that accumulation 
of cellular radiation damage from genera- 
tion to generation Is not a verv significant 
effect in rapidly dividing cell svstems, such 
as bone marrow, due to the selection-out 
of damaged cells at division. In conditional 
cell renewal systems under continuous irra- 
diation, such as the slowly dividing liver 
cell population, the selection-out of dam- 
aged cells will be less efhcient. However, in 
spite of the accumulation. of relatively 
large radiation doses and in the presence 
of considerable cellular radiation damage, 
the pattern of cell proliferation during re- 
generation after partial hepatectomy does 
not appear to be seriously affected by prior 
continuous exposure. Such tissues with cells 
of long intermitotic times apparently can 
accumulate very large radiation doses 
under continuous irradiation and still re- 
tain adequate proliferative capacity 1n a 
demand situation, such as the liver after 
partial hepatectomy. Homeostatic mecha- 
nisms which influence the speed and efh- 


ciency of regeneration following injury 
under continuous irradiation. apparently 


can operate effectively to reduce the dele- 
terious effects and to repair radiation dam- 
age, either by intracellular mechanisms 

qe the selection-out of damaged cells 
at mitosis. 

These experiments give only limited in- 
formation on the accumulation of chromo- 
some and other nonlethal cellular damage 


under continuous irradiation in cells of 


Conditional Cell Renewal Svstem 
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only one conditional renewal system. Much 
more work needs to be done, particularly 
on the sensitivity throughout the cell 
cycle in such slowly dividing cells with 
long intermitotic periods, and on mecha- 
nisms of intracellular repair of initial radia- 
tion damage, before a better understanding 
of cellular response and cell population 
kinetics in conditional renewal systems 
under continuous irradiation can be had. 


SUMMARY 


The pattern of cell proliferation. after 
partial hepatectomy was relatively little 
disturbed by prior exposure to a dose-rate 
of 47 rads/dav in spite of the accumulation 
of large radiation doses and in the presence 
of considerable chromosome injury. There 
was a delay in the onset of DNA synthesis 
and mitosis, a decrease in the rate of entry 
of cells into synthesis and division, a de- 
crease in the number of cells participating 
in the regenerative process, an increase in 
the duration of cell proliferation during 
regeneration, an increase in chromosome 
aberrations and polyploid cells, and a 
speeding-up of cells through the S and 
G.+ M /2 compartments. 

These changes are considered in terms 
of cellular response and cell population 
kinetics of a slowly dividing conditional 
renewal system under continuous irradia- 
tion, and the possible extent to which 
compensatory and repair mechanisms can 
operate are discussed. 
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RADIATION EFFECTS ON STEM CELL SURVIVAL IN THE BONE MARROW OF MOUSE 


* Significantly different from control value at p<o.o1. 


which are resting out of cycle. When the 
tumor gets larger, its growth rate appears 
to be slower than can be explained on the 
basis of the number of cells in division. 
There must be a certain number of cells 
which migrate or die; and (c) in the auto- 
radiographs of large tumors, the labeling is 
heterogeneous even after multiple injec- 
tions. Throughout the tumor at 20 days 
there are zones where the labeling is high 
and nearby there are zones where the num- 
ber of labeled cells is low or zero. 

This appearance suggests that there are 
regions where the cells are at rest and 
nearby zones where the cells are in active 
proliferation. It 1s possible, but not certain, 
that the zones of active proliferation are 
centered around vessels. During the growth 
of the tumor, as the growth fraction dimin- 
ishes, 1t 1s likely that the proportion of the 
tumor, where the cells are at rest, increases. 

This could be of practical importance if 
the sensitivity of the resting cells to a thera- 
peutic agent is different from that of divid- 
ing cells. 

Little is known about the radiosensitivity 
of these resting cells and their behavior 
after irradiation. Their reaction to chemo- 
therapy may also be different. Another 
question arises: Are these cells, which do 
not divide, unable to go into mitosis, or 
are they able to divide following an appro- 
priate stimulus as would be suggested by 
the results of Baserga and Lisco?? 


ll. EFFECTS OF A SINGLE EXPOSURE ON 


THE RADIOSENSITIVITY OF A TISSUE 

A single radiation exposure may lead to a 
change in the structure of the cell popula. 
tion in the course of the next few hours or 
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days through the temporary arrest of some 
cells in different stages of the cell cycle. 
This change in population structure may 
have an over-all effect on the radiosensi- 
tivity of the residual irradiated population. 
In vitro, Elkind et aZ? have shown that the 
variations in radiosensitivity observed after 
the first irradiation are due In part to pro- 
cesses related to intracellular restoration 
and in part to the progression through the 
cell cycle of the surviving cells. By cooling 
the cells in order to arrest their progression 
in the cycle, thev were able to differentiate 
the two phenomena. 

In vivo, Kallman" has shown a significant 
variation 1n the sensitivity of animals sub- 
mitted to a second radiation exposure at 
various times following an earlier exposure. 
Till and McCulloch?**?* have also observed 
à variation in the sensitivity of the bone 
marrow of mice. We have recently shown, 
with E. L. Alpen and H. S. Kaplan," that 
whole bodv irradiation of the mouse with 
250 rads leads to important modifications 
in the kinetics of the marrow population 
and that significant variations in the 
radiosensitivity of marrow stem cells also 
occur (Table 1). This latter finding was 
established by use of the splenic nodule 
count for cells of endogenous origin. If 
such changes occur in a tumor and if the 
chronology of events differs in the tumor 
and in the surrounding normal tissues, the 
effect of a fractionated irradiation would 
vary with the interval between the two ex- 
posures. It is conceivable that a proper in- 
terval between exposures can increase the 
effects of irradiation on some tissues and 
decrease them on others. 

The problem, then, is how to obtain for a 
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patient the data which would enable the 
choice of the best fractionation. The 
kinetics of irradiated normal human tissues 
will probably become known during the 
next few vears and it is reasonable to hope 
that this information can be extrapolated 
from one human being to another. For 
tumor cells, the problem is much more 
dificult. Tt 1s possible that some correla- 
tion will be found between the characteris- 
tics of the tumor, e.g., the growth rate or the 
pathologic type and the parameters of cell 
kinetics after irradiation, Another possibil- 


ity is that techniques of the study of 


kinetics will be found which do not involve 
the injection of H-thvmidine in patients, 
such as the study of multiple biopsy speci- 
mens after £z vitro incubation and organo- 
tvpic tissue culture, or the use of IUDR. 
Although the problem is obviously com- 
plex, it does not appear impossible to solve. 


HI. INFLUENCE OF SINGLE IRRADIATION 
ON TUMOR CELL KINETICS 
Irradiation may modify 


the cellular kinetics of tissues. Many stud- 


ies in the last few years, notably those of 


Lamerton et al., have been devoted to the 
effects of repe: ited or continuous exposure 
to radiation of normal tissues. It has been 
observed that there is an increase in the 
number of proliferating cells in certain tis- 
sues as well as a minor shortening of the cell 
eviele: 

The effect of repeated exposures on cell 
kinetics is very important because the re- 
sult of fractionated irradiation depends on 
the growth activity of the tumor between 


the exposures, This has been the subject of 


relatively few investigations, Some authors 
have thought of the cell population of can- 
cerous tissue as being autonomous and that 
the kinetics are little affected by irradiation. 
This view is, however, not based upon ex- 
perimental facts. 

We have studied and compared the cell 
cycle in an irradiated and a nonirradiated 
region in the tumors of our 2 cases. The 
Tone portion of the tumor received 

sor 30 hours before the injection of radio- 
active thymidine; the cell cycle appeared 
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to be shortened. One must be careful in in- 
terpreting these data because of the small 
number of points. In addition, the labeling 
index has not changed, even though at 
least half of the cells must have been made 
nonviable by the irradiation. This suggests 
an elevation of the growth fraction, 

In the mouse tumor, we have not found 
any significant shortening of the cell cycle 
after irradiation, but this may be due to the 
fact that the cycle was already short before 


irradiation. On the other hand, we have 
been able to demonstrate a significant m- 


crease in the growth rate of the tumor 
based on 77 vivo measurement of tumor 
volume.” This study was performed on the 





same NCTC fibrosarcoma of the C3H 
mouse as was used in the previously dis- 


cussed tumor cell kinetics study. In this 
tumor, the growth rate slowly decreased 
with age. 

The growth rate of the surviving cells in 
the irradiated tumors was evaluated by 
analysis of the change in size of the tumor. 
This change ts caused by many phenomena 
occurring simultaneously: the tel killed or 
made nonviable by the irradiation slowly 
disappear. Some of them divide 2 or 3 times 
before lysis. The removal of the nonviable 
cells and their progeny is therefore a slow 
process, which may take tor this tumor 10 
to 12 days. During this interval the surviv- 
ing cells proliferate. After the total re- 
moval of the nonviable cells, that is after 
the roth day following irradiation, the 
tumor 1s composed only of the progeny ot 
the surviving cells. If the initial number of 
surviving cells were known it would be pos- 
sible to calculate their growth during the 
period of removal of dead cells (Fig. 1). 

For the tumor used in this study, 1t 1s pos- 
sible to measure the dose- succ sal curve bv 
the clonal method of Puck, When the cells 


are irradiated in air the Da 1s 210 rads and 
the extrapolation number 722.53. This 


corresponds for these cells to a D, of 630 
rads in anoxic condition. À second estimate 
of the D, has been made zn» vivo by measur- 
ing the curative dose for ṣo per cent of 
tumors irradiated 77 vivo. To avoid oxygen 
effects the tumors were irradiated under 
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anoxic conditions by isolating the tumor 
with a clamp. After 3,000 rads, 30 per cent 
of the tumors underwent a transitory re- 
gression ranging from 8 to 22 days. Fifteen 
per cent became palpable again. After 
5,000 rads, more than 80 per cent of the 
tumors disappeared 1n about 10 days and 
$5 per cent were definitely cured. After 
7,000 rads, all the tumors disappeared in 
about 8 to 14 days. 

Relating the proportion of cured tumors 
to the dose, a regular sigmoid curve is ob- 
tained. Approximately so per cent of the 
tumors are cured by a dose of 4,500 rads. 
Knowing that at the time of irradiation 
there are 3o million cells in the tumor, it is 
possible to calculate the cell survival by as- 
suming that the number of cells necessary 
to establish a recurrence is the same as the 
number needed to induce a tumor in $0 per 
cent of the animals (TDi) z.e. 30,000 cells. 
This calculation gives a value for D, of 670 
rads, but 1s open to discussion since the as- 
sumption that the number of cells neces- 

sary for a recurrence is the same as that of 
the TDs) may not be valid. If the presence 
of a large number of irradiated cells lowers 
the number of surviving cells necessary to 
induce a recurrence, the D, 77 vivo would be 
smaller than zz vitro. 

Assuming for Do in vivo, a value of 650 
rads, the study shows that the growth of 
the surviving cells in an irradiated tumor 
is more rapid than for the cell population of 
a nonirradiated tumor of the same age. This 
increase in growth rate would be greater if 
the D, were smaller in vivo than zn» citro. 
The acceleration of the growth rate would 
come about if the death of an increased 
proportion of cells in the tumor permitted 
an increase in the multiplication rate for 
the remaining cells. This increase could be 
due to a shorter cell cycle or to a higher 
growth fraction. The duration of the cell 
cycle in these irradiated tumors is un- 
changed. It is therefore likely that the 
growth fraction is higher, The increase in 
growth rate would come to pass if, for pro- 
gressively smaller surviving populations, 
the growth fraction of the surviving cells 
became progressively higher. 
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Fic. 1. The evolution of the size of an irradiated 


tumor is caused by 2 phenomena: the removal of 
nonviable cells and the proliferation of surviving 
cells. After 7,000 rads, all the cells are killed and the 
evolution of the volume of the tumor indicates the 
rate of elimination of dead cells. 

In vivo, the Do of the NCTC 2,472 tumor cells is 
650 rads Sader strictly anoxic conditions. Therefore, 


when a population of tumor cells receives, under 


anoxic conditions, a dose of 2,000 rads, 4.6 per cent 
of the cells survive. 

Almost all killed cells are eliminated by the 10th 
day. At this time, the population of cells which has 
received. 2,000 rads is almost completely composed 
of the progress of surviving cells. Interpolation be- 
tween the volume of surviving cells at Day o (day 
of irradiation) which is 4.6 per cent and the volume 
of the tumor at Day 10 allows the mean growth rate 
of surviving cells to be calculated. This is more 

rapid than that of the cells of control tumors. 

—QO-- O- growth curve of control NCTC 2,472 
tumors; == A=- /— A-- growth curve of irradiated 
tumors (2,000 r at Dav o under anoxic conditions); 
Set rad O= — O-- — evolution of the volume of 
irradiated tumors (7,000 rads at Day o). 


The comparison of the growth of the 
surviving cells in àn irradiated tumor with 
the growth of much smaller control tumors 
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composed of the same number of viable 
cells shows that the growth of the irradiated 
surviving cells is a little slower. This is easy 


to note when comparing the growth of 


palpable tumors. A computation assuming 
the value of the D, to be 650 rads shows 
that this is also probable during the initial 
phase of the growth of the recurrent 
tumor, 

Thus, the surviving cells in a tumor 
which has been irradiated grow faster than 


the cells of an unirradiated control tumor of 


equal age and size, but more slowly than 
the cells of a tumor composed of an equal 
number of viable cells. These facts must 
have a complex interpretation. They show 
that a tumor may not be considered as a 
population of autonomous cells, multiply- 
ing according to their characteristic period 
and independent of outside influence. 

Is it possible to extrapolate these data 
to clinical radiation therapy? To do so, it 
would first be necessary to ensure that these 
modifications of growth rate were the same 
after many exposures. If this were true, a 
constant interval between sessions would 
not be logical, and perhaps a shortening of 
this interval at the end of treatment would 
be advisable. Such a conclusion is certainly 
premature, and is given simply to illustrate 
what practical directions could be drawn 
from this kind of study after information 
on other types of experimental tumors has 
been obtained. 

Furthermore, many other factors should 
be taken into account in choosing the best 
fractionation, such as the radiosensitivity 
of normal tissues and the oxygen effect, 

Our experiments show that a relatively 
high proportion (of the order of few per 
cent) of the cells of these tumors is anoxic. 
A similar finding has been made in previous 
studies.” The curability of tumors by radio- 
therapy may appear surprising in view of 
these findings, but it seems that during 
fractionated radiotherapy, the same cell 
may not remain anoxic throughout the 
course of the treatment and that the num- 
ber, or even the proportion, of anoxic cells 
may gradually decrease during the treat- 
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ment. This factor may be of paramount im- 
portance in choosing the best fractiona- 
Fog bos 


CONCLUSION 


Recent study has shown that the radio- 
sensitivity of a cell varies during the 
course of the cell cycle. The kinetics of cell 
proliferation of a tumor should, therefore, 
be related to its radiosensitivity. This fact 
emphasizes the need of such studies in 
human and experimental tumors. Further- 
more, the temporarv arrest of the cell cycle 
following irradiation results in a variation 
of the radiosensitivity of the tissue which 
is being studied and measured. This and 
other factors, such as the variation of the 
growth rate of the surviving cells in an ir- 
radiated tissue, should be taken into ac- 
count in the choice of the best fractiona- 
tion. Study of all these factors in experi- 
mental, as well as in human tumors, will 
necessitate considerable future investiga- 
tion to provide a rational basis for the 
development of radiotherapeutic proce- 
dures. 


M. Tubiana 

Département des Radiations 

Institut Gustave-Roussy 

16 bis, Avenue Paul-Vaillant-Couturier 
94, Villejuif (Val-de-Marne) 

France 
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DACRYOCYSTOGRAPHY* 


THE USE OF SINOGRAFIN FOR VISUALIZATION OF THE 
NASOLACRIMAL PASSAGES 


By E. NICHOLAS SARGENT, M.D.,t and CARL EBERSOLE, M.D.1 
ORANGE, CALIFORNIA 


Ree CENOGEAE IC study of the 

nasolacrimal system following instilla- 
tion of various opaque media has been well 
documented!-*?-14!7 as being of definite 
value in complementing information ob- 
tained by the usual clinical procedures. 
The injection method was first reported in 
1909 by A. E. Ewing? who used a bismuth 
preparation to demonstrate a lacrimal 
abscess. Since then, the lacrimal passages 
have been studied roentgenographically 
using various oily opaque media such as 
iodinated poppy-seed oil (lipiodol), ethyl 
diiodostearates (ethiodol and neo-hydriol) 
and ethyl iodophenylundecylate (panto- 
paque). If the oily materials are inadver- 
tently extravasated into the surrounding 
tissues they remain for long periods of time. 
In addition, they tend to plug the ducts, 
especially if they are pathologic. They can 
also cause false-appearing polycystic sacs 
when they fail to fill the entire sac because 
of emulsification of the oil which is only 
slightly miscible with tears. Their high 
viscosity also requires greater pressure for 
injection, resulting in more frequent back- 
flow through the upper canaliculus, pre- 
venting the passage into narrower sections, 
thus often hindering the true and exact 
location of a stenosis. In addition, oily ma- 
terials are nonphysiologic and may give 
less information as to physiologic efficiency 
of the lacrimal passages. 

In order to permit more physiologic con- 
ditions, the more liquid aqueous contrast 
substances have been used. The require- 
ments are that they be water soluble; that 
their voscosity and pH approach those of 
tears (pH 7.0 to 7.5);!8 and when used in 
adequate concentration produce an image 
which is of sufficient contrast for roentgeno- 
graphic examinations. Too highly concen- 


trated solutions may offer no advantage in 
film interpretation and may, in fact, result 
in local irritation caused by the more con- 
centrated solutions of iodine. Aqueous con- 
trast substances can be injected under 
lower pressure than oily substances be- 
cause they are homogeneous, more liquid, 
and miscible with body fluids, especially the 
tears. Their low surface tension and low 
viscosity are of particular importance since 
the latter is responsible for easy penetra- 
tion into the small canaliculi and for re- 
duced internal friction. Thus they should 
produce a more accurate picture of the 
pathologic conditions of the lacrimal pas- 
sages than do oily solutions. A further 
advantage of these media is that patients 
can taste the aqueous materials immedi- 
ately because they are bitter when the 
opaque medium goes through a normal sac 
promptly into the nasal meatus, indicating 
to the diagnostician that the duct is im- 
mediately patent. 

Certain water soluble materials, such as 
sodium acetrizoate and sodium diatrizoate, 
have the disadvantage that sodium salts 
are irritating when they escape into the 
surrounding soft tissues. However, the 
methylglucamine diatrizoates are less irri- 
tating if they should extravasate into the 
soft tissues. Sinografin* contains 40 per cent 
methylglucamine diatrizoate (renografin) 
and 20 per cent methylglucamine 1odipa- 
mide (cholografin). The iodine content of 
sinografin 1s 38 per cent (bound) making 
the concentration of iodine quite adequate 
for visualization. The pH of sinografin, 
being 7.2 to 7.6, 1s close to that of tears. 
Thus sinografin meets all the above re- 
quirements as to nonirritability, homo- 


* Methylglucamine diatrizoate (40%) and methylglacamine 
iodipamide (20%). E. R. Squibb & Sons, New York, New York. 


* From the Department »f Radiology,f and Department of Ophthalmology, Orange County Medical Center, Orange, California. 
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geneity, low viscosity and miscibility with 
body fluids including the tears. 
. 
TECHNIQUE 

The ideal method would be to instill a 
few drops of an opaque medium into the 
lower orbital cul-de-sac and follow its 
movements through the lacrimal passages. 
Unfortunately the dilution of the opaque 
substances by tears prevents adequate con- 
centration in the lacrimal passages for the 
usual static roentgenogram. It is, there- 
fore, necessary to resort to direct injection 
into the canaliculus and this procedure re- 
quires considerable pressure. The physio- 
logic conduction through the nasolacrimal 
duct is very slow when oily media have 
been used. In spite of the hypersecretions 
resulting from injection, oily contrast sub- 
stances can be found in the sac up to 3o 
minutes after the injection 1n normal per- 
sons.? On the other hand, the phvsiologic 
aqueous media (sinografin) will normally 
clear within 15 to 30 seconds and enter the 
nasal fossa immediately, where it will 
result in a bitter taste. 

No premedication 1s necessary. Propara- 
caine HCl o. per cent (ophthetic*) is the 
local anesthetic of choice. Any fluid con- 
tained in the lacrimal sac is expressed with 
a finger pressed against the side of the nose. 
The lower lacrimal punctum is dilated 
with a blunt Nettleship punctum dilator.” 
'The dilator is first held vertically and intro- 
duced inferiorly. It is then rotated through 
9o? toward the nose, while the canaliculus 
is maintained stretched in a lateral direc- 
tion so that the punctum and canaliculus 
are on a straight line. If this 1s not done, 
the dilator and subsequently. the lacrimal 
cannula may strike against a fold of mucosa 
and produce a false passage 1f the pressure 
is continued. The dilator is then quickly 
exchanged for a loaded control three-ring 
dental syringe and gold curved cannula. 
The cannula is introduced vertically, ro- 
tated through go’, slid along the canaliculus 
which is stretched into a straight line until 


* Allergan Pharmaceuticals, Santa Ana, California, 
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the bony wall of the nose is felt through the 
medial wall of the lacrimal sac. It is then 
withdrawn a few millimeters and 1 to 2 
cc. of sinografin is injected slowly. If 
patency exists, the patient very rapidly 
tastes the fluid and at this point static 
filming can be instituted. Occlusion below 
the bifurcation of the canaliculi may result 
in regurgitation through either the lower 
or upper punctum or both. Often it is 
worthwhile everting the upper lid, direct- 
ing the patient tolook downward and inject- 
ing the upper canaliculus. When there 1s 
regurgitation through the opposite can- 
aliculus, it should be occluded with the 
punctum dilator or with finger pressure 
over the punctum in order to obtain good 
filling of the canaliculi and filling of all the 
area up to the point of complete or partial 
obstruction. The creases of the skin about 
the eye and the eyelashes should be wiped 
free of any spilled medium. The main 
hazard of the procedure is that of creating 
a false passage by faulty technique when 
inserting the cannula. However, the use of 
aqueous medium is much safer in that the 
medium is rapidly absorbed, whereas oily 
media will remain in the tissues for several] 
years (Fig. 3, Æ and B). 

The injection. procedure can be done 
either in the supine or erect position. How- 
ever, filming in the erect position using 
the Gianturco skull device and the effect 
of gravitv is most convenient. When a 
single injection is made, roentgenograms 
are taken in. the posteroanterior, Waters' 
(nose-chin), and lateral projections. If 
both sides are injected, 45° oblique roent- 
genograms are taken in addition, in order to 
prevent superimposition in the lateral 
projections. Stereoscopic roentgenograms, 
tomograms, and even magnification macro- 
dacryocystograms® are also useful. Ana- 
tomically, the nasolacrimal canal passes 
obliquely downward dorsally and laterally 
and the plane of the nasolacrimal duct is 
parallel with the tabletop in the nose- 
chin position. (The orbitomeatal line should 
make an angle of 37° to 40? with the table- 
top.) The infraorbital rim should be 


Vor. 102, No. 4 
centered to the film. Thus, the passages are 
projected with minimal distortion and the 
petrous temporal bone is projected away 
from the orbit across the antrum. Delayed 
erect roentgenograms may be taken after 
15-30 minutes if there is partial obstruc- 
tion with dilatation of the nasolacrimal 
svstem. Normally the aqueous medium 
enters the nasal fossae immediately, leav- 
ing only a small fine coating on the pas- 
sages. With partial obstruction there will be 
delayed emptying. 


ROENTGEN ANATOMY OF THE 
LACRIMAL PASSAGES 


The lacrimal passages extend from the 
lacrimal puncta at the nasal ends of the 
evelid margins to the inferior opening of 
the nasolacrimal duct in the medial wall of 
the inferior meatus. The drainage passages 
are divided into superior and inferior 
canaliculi, the common canaliculus, the 
lacrimal sac, the nasolacrimal duct and the 
inferior orifice (Fig. 1). 

All of these parts may be studied and 
visualized roentgenographically. A sche- 
matic representation of the anatomy, 
slightly modified from Campbell? is shown 
in Figure 2. The canaliculi leave the lids, 
the upper slightly medial to the lower, ex- 
tending medially in two directions and 
Joining in the common canaliculus (sinus of 
Maier, or the ampulla of the canaliculi) to 
enter near the apex of the lacrimal sac. 
This opening is covered by flaps of mucosa 
called valves (the valve of Rosenmiller 
superiorly and the valve of Huschke in- 
feriorly). The common canaliculus (sinus of 
Maier) is 1 to 3 mm. long and is situated on 
the lateral aspect near the apex of the 
lacrimal sac. It 1s visualized on both the 
anteroposterior and lateral roentgenograms 
with the canaliculi converging into it. It 
may be seen better roentgenographically 
when macroroentgenographic techniques 
are used.? 

The lacrimal sac, which lies in the lacri- 
mal fossa on the lateral aspect of the naso- 
lacrimal bone, averages approximately 10 
to 12 mm. in length and 1 to 2 mm. in 


Dacryocystography 





lic. 1. Reconstruction of the nasolacrimal passages 
of an adult, aged 60 years. (Reproduced from 
Fig. 29, J. Parsons Schaeffer, Am. Y. Anat.) 


width. It is normallv not dilated. Its ter- 
mination is marked by the constricting 
band of the split fascia of the orbicularis 
muscle, and it is also marked at this point 
by a mucosal fold called the valve of Krause. 
The actual junction of the neck of the sac 
with the SHE. duct has been shown 
to lie well above the level of the bony rim 
of the orbit and, in fact, lies ; to 7 mm. 
above the bony rim of the osseous nasolac- 
rimal canal. On the frontal roentgenogram 


the normal lacrimal sac appears as an 
elongated shadow slightly wider at its 
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Fic. 2. Roentgenologic anatomy of the normal 
lacrimal system. (Reproduced with permission 
from Brit. 7. Radiol?) 


lateral aspect and normally shows no dila- 
tation. Any visualized dilatation in the 
frontal view is pathologic. In the lateral 
view it normally bulges somewhat ante- 
riorly, giving the sac an appearance of a 
"knife blade" (Fig. 4.7). It is approxi- 
mately 3 mm. in diameter in this view and 
can be up to three times wider than the 
measurement in the posteroanterior view 
(Fig. 45). The absence of any dilatation 
in the lateral view and the absence of the 
"knite-blade" appearance are also patho- 
logic, indicating that the lacrimal sac may 
be narrowed either from hypertonicity or 
actual fibrosis. 
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The nasolacrimal duct extends from the 
lacrimal sac to its inferior orifice in the 
medial wall of the inferior meatus of the 
nasal cavity. Campbell? has well demon- 
strated that the length of the nasolacrimal 
duct is greater than that which les within 
the bony canal, which is a passage of only 
approximately 10 mm. (The osseous naso- 
lacrimal canal is bordered laterally by the 
maxillary sinus from which it is separated 
by a thin bony wall. Mediallv, the bony 
canal passes along the lateral wall of the 
medial meatus.) In fact, there exists a 
membranous portion of the nasolacrimal 
duct which is within the orbit, not sur- 
rounded bv bone, lving between the neck 
of the lacrimal sac and the superior bony 
foramen of the osseous portion of the 
nasolacrimal canal which adds an addi- 
tional « to 7 mm. to the length of the duct. 
In addition, inferiorly there is a small 
intramembranous extension of the nasolac- 
rimal duet, which is not surrounded by 
bone, prior to the opening into the orifice 
in the inferior meatus of the nasal cavity.’ 
The nasolacrimal duct is cylindrical and 
somewhat Hattened transversely; its total 
length therefore approximates 12 to 18 
mm. and its diameter 2 mm. The termina- 
tion of the lacrimal sac, marked by the 
constricting band of the split fascia of the 





bic. 3. (Æ and B) Extravasated oily opaque medium remaining in surrounding periorbital tissues 
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for more than 3 years after the examination. 
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Fic. 4. (A) Lateral and (8) posteroanterior composite drawings from the series of normal roentgenograms. 


orbicularis muscle, and also marked bv the 
mucosal fold or the valve of Krause, con- 
stitutes the actual superior end of the 
nasolacrimal duct and is the narrowest 
part of the duct. The duct continues to 
widen as it progresses downward through 
the bony rim of the osseous canal. At a 
variable position within the canal, but 
usually in the middle of the intraosseous 
portion, there is a further constriction due 
to the mucosal valve of Tailleter. Finally, 
at its lower end, the nasolacrimal duct nar- 
rows sharply to form the valve of Hasner. 
The width of the nasolacrimal duct is 
fairly uniform, being as wide in the lateral 
view as it is in the posteroanterior view 
(Fig. 4, .7 and B) except for the above- 
mentioned two constrictions, one at the 
superior Junction with the lacrimal sac and 
one at the valve of Taillefer. The diameter 
of the normal lacrimal duct should not 
generally exceed 2 mm. and the duct as- 
sumes a more or less flexuose appearance 
because of mucosal valves. 

Using aqueous media, the entire ana- 
tomic outline of the nasolacrimal passages 
as described above is rarely seen. Figure 
4, d and B is a composite drawing from a 


series of normal roentgenograms. Using 
cineroentgenographv?? the normal naso- 
lacrimal passages are seen to empty in 14 
to 30 seconds so that the upper part of the 
passage is almost invariably emptied before 
static roentgenograms are taken. On the 
static roentgenograms a normal dacrvo- 
cystogram presents as a smoothlv irregular 
passageway, commencing at the inner 
canthus of the eve and ending below the 
inferior turbinate bone in the lateral wall 
of the nose. The general tendencv is toward 
a tube of varying diameter. The walls mav 
be likened to the esophagus in that they 
are approximated until separated and dis- 
tended with the opaque medium. The flow 
of the medium is immediately apparent at 
the lower end of the passagewav, flooding 
the nasal cavity and the nasopharynx 
(Fig. 5). 


MATERIAL 


A total of 17 cases (average age £o years) 
were examined using sinografin to outline 
the nasolacrimal passages. The clinical 
indications were epiphora resulting. from 
trauma, senile contractures of the nasolac- 
rimal duct, and chronic infection. All of 
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lic. g. Normal left dacryocystogram showing im- 
mediate "flooding" with opaque medium outlining 
the Hoor of the nasal cavity. 


the patients examined had expressible 
mucus or pus from the lacrimal sac through 
the puncta, and most showed clinical evi- 
dence of chronic dacrvocystitis. 

live of the 17 cases proved to have nor- 
mal dacryocystograms. Of the 12 remain- 
ing, I (Fig. 3, Æ and B) showed a post. 
traumatic tear of the lacrimal sac with 





Fic. 6. (4 and B) Right dacryocystograms showing obstruction distal to the distended lacrimal sac with 
narrowing at the level of the constricting band of the split fascia of the orbicularis muscle. 
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abnormal extravasation into the periorbital 
tissues. The abnormally extravasated oily 
medium (pantopaque) remained in the sur- 
rounding soft tissues for more than 3 vears. 
Two of the patients demonstrated bilateral 
nasolacrimal sac neck obstructions which 
were complete. 

Nine cases had unilateral obstruction of 
the nasolacrimal passages at varying 
points, extending from the neck of the sac 
through the inferior opening into the mid- 
dle meatus (Fig. 6, Z and B; 7, ÆA and B; 
and 8, 4 and B). Of these g patients, only 
in two were the obstructions incomplete, 
showing delaved emptying, but all were 
assoclated with dilatation superior to the 
obstruction. Two of these g cases had pre- 
vious surgery (dacryocystorhinostomies) 
prior to the roentgenographic study. 

It is interesting to note that 4 of the 
patients had experienced severe maxillary 
trauma associated with car accidents in the 
past and 1 had a severe fist blow to the 
face, making a total of 5 patients who 
had obstruction following injury. Ten ob- 
structed ducts were treated surgically (in- 
cluding the 2 patients with bilateral ob- 
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hic. 7. (4) Posteroanterior and (B) lateral right dacryocystogram showing polycystic 
dilatation of the lacrimal sac. 


structions). The operative procedure per- Roentgenograms of the patients were 
formed for relief of the obstruction was a taken postoperatively to obtain baseline 
dacryocystorhinostomy to effect the drain- films to show that the operative results 
age of tears into the middle meatus of the were satisfactory and to identify the actual 
nose by a short circuit made through the communication between the lacrimal sac 


Ar 


lacrimal bone and nasal mucosa. and the newlv created artificialorifice in the 





T^ 


Fic. 8. (f) Posteroanterior and (B) lateral right dacryocystogram showing obstruction due to fibrosis. 





area of the middle meatus of the nose. As a 
result of the immediate re-examination of 
the patients, tof the 7 patients was found 
to show postoperative obstruction and a 
postoperative failure. This patient was 
reoperated with satisfactory results. The 2 
patients who had unsuccessful dacryocys- 
torhinostomies at other institutions and 
who had roentgenographic demonstrable 
obstructions were also reoperated, with the 
postoperative examination showing again 
satisfactory canalization between the lacri- 
mal sac and the middle meatus. 


DISCUSSION 


Epiphora, or weeping, with the spilling 
over of the tears from the conjunctival sac 
onto the cheeks is due to either excessive 
lacrimation or secretion of tears so that the 
lacrimal passages cannot adequately drain 
them away; or inadequacy or blocking of 
the lacrimal passages so that they cannot 
accommodate the normal secretion of tears 
which then spill onto the cheek, 7.¢., ob- 
structive epiphora. 

Dacryocystography is valuable in the 
investigation of obstructive epiphora and 
may demonstrate the four main causes of 
the obstruction, 7.e., the puncta may be 
congenitally displaced or abnormal so that 
tears cannot enter them; the lacrimal pas- 
sages may be blocked at some point by in- 
Hammation, neoplasm, trauma, atresia or 
fibrosis; the nose may be obstructed; and 
finally the passageways, although per- 
meable, may be functionally inefficient. As 
the result of the roentgenographic investi- 
gation one should be able to determine the 
level of obstruction to the flow of tears and 
the degree of obstruction. Finally, if there 
is persistent tearing for reasons other than 
nasolacrimal obstruction, the dacryocysto- 
gram will reveal patency and will negate 
any further surgical approach and avert 
repeated probings. 

The indications of abnormality? are: 
regurgitation through the opposite or same 
punctum during the injection; retention of 
the opaque medium in the canaliculi; the 
absence of flow of the opaque medium into 
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the nasal cavity in all projections; flow into 
the nose but retention of the medium in the 
sac and duct with an increase in the over-all 
width of the sac or duct; variation in the 
caliber of the system, 7.e., more than would 
result from the mucosal folds which exist 
at various levels and the retention of the 
opaque medium above the constriction; and 
retention of the opaque medium through- 
out the duct over the period of time re- 
quired for both the posteroanterior and 
lateral roentgenograms to be taken. 

The level of an incomplete obstruction 
can be confirmed by further roentgeno- 
grams taken 15 minutes or more after the 
injection when the contrast medium is 
often still retained above the obstruction. 
This is very worthwhile in doubtful cases. 
The absence of contrast medium after this 
interval, however, is no proof that a partial 
obstruction still does not exist. The lower 
canaliculus suffers more frequently than 
the upper from inflammation of the medial 
canthus of the eve and 1s more important 
for drainage of tears. Occlusion of the upper 
canaliculus is of little consequence and does 
not cause epiphora when the lower cana- 
liculus is patent. 

Among the roentgenographic findings 
which should influence the management of 
chronic obstructive dacryocystitis one must 
also note the condition of surrounding 
paranasal sinuses; the position of the nasal 
septum; the amount of hypertrophy of the 
nasal turbinates; the presence of osteo- 
myelitis in the surrounding bony struc- 
tures; the condition of the orbital and nasal 
bones following trauma where fracture 
might be present; and, finally, the presence 
of tumors of bone or soft tissue in the vi- 
cinity of the nasolacrimal passages. 

The presurgical value of dacryocystog- 
raphy is of inestimable value, not onlv to 
demonstrate the anatomic block, but also 
to demonstrate whether or not the sac is 
atonic and markedly stretched or shrunken 
and stenosed. The large atonic sac usually 
responds well to dacryocystorhinostomv. 
On the other hand, a shrunken sac presents 
an obstacle to the surgeon employing the 
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classical forms of dacryocvstorhinostomv, 
and in such cases it is wiser to emplov one 


of the techniques utilizing intubation of 


the svstem or even excision of the sac. In 
addition, dacrvocystography can also dem- 
onstrate preoperatively whether or not 
there are fistulae or diverticula present. 
Postsurgically, the postoperative roent- 
genographic stüdies should show the pos- 
sible causes of persistent discharge; for 
example, a lacrimal sac diverticulum not 
noted prior to surgery, postoperative fistu- 
lization, and secondary closure of the 
dacryocystorhinostomy opening. In addi- 
tion, if a dacryocvstectomy has been per- 
formed and there are residual sacs or in- 
fected pockets, these can be postoperatively 
identified. 


SUMMARY 


Sinografin is an excellent aqueous me- 
dium for dacryocystography for the rea- 
sons described, 7.e., safe, nontoxic and non- 
irritating and readily absorbed if it escapes 
into the surrounding soft tissues. 

Routine use of roentgenography of the 
lacrimal passages 1s recommended in all 
cases of epiphora. The only contraindica- 
tion is an acute infectious process of the 
eve or surrounding periorbital tissues. 

Although the nasolacrimal system may 
exhibit patency by ordinary irrigation, im- 
paired drainage function can be demon. 
strated by the dacryocystogram. This tvpe 
of functional block may be an indication 
tor dacryocystorhinostomy. 

When patency of the lacrimal passages 
cannot be demonstrated by routine irriga- 
tion, the preoperative use of dacry ocystog- 
raphy is indicated to show the character 
of the structures adjacent to the passages, 
the position and extent of the stenosis, 
and the size and tonus of the sac and ducts. 
Following operative procedures, the dacry- 
ocystogram is useful in evaluating the 
results of surgery. 

Further study of the normal and abnor- 
mal physiology of the lacrimal system is 
indicated using aqueous media and cine- 
fluorographic studies. 
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RECOGNITION AND MANAGEMENT OF FRACTURES 
; OF THE ORBIT* 
By WILLIAM T. THORWARTH, M.D., ROBERT P. BARDEN, M.D., and THOMAS F. 
GRAHAM, M.D. 


PHILADELPHIA, PENNSYLVANIA 





I © THESE days ot highway. violence, 
there is an increasing incidence of severe 
facial injuries. Many ot these involve the 
orbit. Since the radiologist is often one of 
the first physicians to see these victims, he 
must know the clinical findings in various 
fractures of the orbit. By correlating the 
physical findings with the results of a 
personally supervised roentgen examina- 
tion, a correct diagnosis can usually be 
made. The radiologist can then direct the 
therapy into the proper channels. 

The purpose of this paper is to acquaint 
the radiologist with the clinical syndromes, 
the roentgen findings, and the treatment 
of the various orbital fractures. 

The fractures of the orbit may be classi- 
fied into: 


I. Fracture of the floor: 
A. External-—involving the infra- 
orbital rim. 
B. Internal—not involving the in- 
fraorbital rim. 
II. Fracture of the medial wall. 
III. Fracture of the roof and lateral wall. 
IV. Fracture of the optic canal. 


This classification reflects their relative 
frequency; however, it is not unusual to 
have a patient sustain more than one of 
these fractures from a single traumatic 
episode, and perhaps a fifth category 
named “mixed fractures" should be added. 

In the roentgen examination, the views 
in which the roentgenograms are made will 
vary from patient to patient depending on 
the clinical picture. However, in general, 
the roentgen examination should include: 


I. A Waters view, or multiple modifica- 
tions of the Waters view, for the 
floors of the orbits and the maxillary 
sinuses. 


2. A Caldwell view for the medial walls, 
roofs and lateral walls of the orbits 
and the ethmoid sinuses. 

A lateral view for the roof and floor 
of the orbit. 

Oblique views for the lateral walls of 
the orbits and the optic canals, and, 
if necessary, 

Laminagrams in the straight antero- 
posterior and/or “personalized” 
Waters projection. 


If possible, all these roentgenograms 
should be made in the erect position to 
demonstrate air-fluid levels in the maxillary 
sinuses and orbital emphysema, 


I. FRACTURE OF THE FLOOR OF THE ORBIT 


In the past 3 years, the most common 
fracture that we have seen in the facial 
bones (excluding the nose) has been a frac- 
ture of the floor of the orbit (Fig. 1).244 
It is usually produced by a direct blow, 





Fic. t. Fracture of the floor of the left orbit with 
orbital emphysema and clouding of the left 
antrum. 


* From the Departments of Radiology, The Chestnut Hill Hospital and The Wills Eye Hospital, Philadelphia, Pennsylvania. 
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either to the malar eminence or to the eye 
itself. Because of the nature of the orbital 
contents, direct pressure on the fluid-filled 
globe will be transmitted equallv in all 
directions. The floor is the thinnest portion 
of the orbit and hence the first part to 
fracture. Since the normal globe is sup- 
ported by the bony orbital floor and the 
hammock.like suspensory ligament of 
Lockwood, fracture of the floor and rupture 
of the ligament allow depression of the 
eyeball. Incoordination of the eyes and 
diplopia may result. The detection of very 
subtle changes in ocular coordination can 
be extremely difficult. For this reason, an 
ophthalmologist should examine these pa- 
tients soon after injury and then at fre. 
quent and regular intervals. 

Common physical findings with a frac- 
ture of the floor of the orbit are: 


1. Periorbital edema, ecchymosis and 
subconjunctival hemorrhage. 

2. Numbness of the cheek from injury 
to the infraorbital branch of the fifth 
nerve which lies in the floor of the 
orbit. 

3. Transient proptosis from retrobulbar 
hemorrhage. 

4. Deviation of the axis of the globe so 
that the eye looks up (hypertropia); 
and rarely 

5. Emphysema of the eyelids due to the 
escape of air from the maxillary sinus. 


When the floor of the orbit is fractured, 
the roentgen examination will usually 
show: 


t. Opacification of the maxillary sinus 
by hemorrhage. 

2. A fracture of the floor of the orbit 
with varying degrees of depression of 
the fragments. 

3. Orbital emphysema. 


When a fracture of the floor of the orbit 
has been demonstrated, and the patient 
has diplopia, surgical correction is usually 
necessary. Ín some cases, the roentgen 
findings are equivocal and a definite frac. 
ture is not seen. Even in these patients, if 
ocular incoordination is present, surgical 
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Fic. 2. Fracture of the medial wall of the left orbit 
with clouding of the left ethmoid sinus and orbital 
emphysema. Note that the orbital floor is intact 
and the left antrum is clear. 


intervention. should be considered. The 
treatment usually consists of exploration 
of the antrum through a Caldwell-Luc type 
of approach with elevation of the orbital 
floor either by packing or by means of an 
inflatable balloon. If the patient is under 
local anesthesia, the correction of the 
diplopia may be used as an end-point in 
determining a satisfactory reduction. This 
reduction should be done early to prevent 
mal-union and permanent enophthalmos. 


H. FRACTURE OF THE MEDIAL 
WALL OF THE ORBIT 


Fracture of the medial wall of the orbit 
(Fig. 2) 1s caused by a slightly different 
mechanism than that producing fracture of 
the floor, although the two are frequently 
seen together (Fig. 3). There may be either 
direct trauma to the ethmoid region itself, 
or, 1f the globe is struck, it is by a hooking 
rather than a jabbing blow. 

Physical examination of a patient with a 
fracture of the medial wall of the orbit 
usually shows: 


I. Periorbital edema and ecchymosis 
with or without subconjunctival hem- 
orrhage. 

2. Absence of numbness of the cheek. 

3. Absence of eye signs, unless the floor 
is also fractured. 


The roentgen examination of the patient 
with a fracture of the medial wall of the 
orbit may show: 


Pia. 3. Fractures of the medial walls of both orbits 
and floor of the left orbit. The air-fiuid level in the 
right antrum suggests fracture of the orbital floor 
on this side also. 


I, A fracture line (which mav be diff- 
cult to demonstrate). 

2. Unilateral clouding of the ethmoid 

sinus. 

Orbital emphysema (more common 

than in fracture of the floor). 

4. Absence of hemorrhage in the antrum. 


OP 


Occasionally orbital emphysema may be 
demonstrated only by a roentgenogram 
made in the erect posture, during forced 
expiration with the patient’s mouth closed 
and his nose clamped. 

Supportive measures plus antibiotics to 
prevent infection are usually adequate 
treatment for fractures of the medial wall. 


W. T. Thorwarth, R. P. Barden and T. F. Graham 
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HI. FRACTURE OF THE ROOF AND 
LATERAL WALL OF THE ORBIT 


Isolated fractures of the anterior portion 
of the roof of the orbit (Fig. 4) requirea 
highly localized, very severe and hence 
quite unusual insult. If they do not involve 
the supraorbital rim but are limited to the 
floor of the anterior cranial fossa, their 
roentgen demonstration may be very difh- 
cult. More commonly, fractures of the roof 
and lateral wall are part of a multiple frac- 
ture complex involving the calvarium as 
well as the face (Fig. 5). Because of the 
severe forces involved brain damage may 
be present, and these patients should be 
treated jointly by the neurosurgeon, the 
maxillofacial surgeon, and the ophthal- 
mologist. 


IV. FRACTURE OF THE OPTIC CANAL 


Fracture of the optic canal (Fig. 6) 
usually follows a blunt, forceful blow to the 
forehead, although occasionally the initial 
insult may have seemed trivial and the 
patient will recall only having been “dazed” 
briefly. Soon after the accident, or im- 
mediately upon recovering consciousness, 
the patient may state that he is partially 
or totally blind in one eve. 

In some patients presenting this clinical 
picture, no fracture can be shown roent- 
genologically, Damage to the optic nerve 


n. 





Fic. 4. Isolated fracture with elevation of 
the right supraorbital rim. 


lic. g. Fractures of calvarium, roofs and lateral 
walls of both orbits. 
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in these cases may be due to ischemia, com- 
pression of the nerve by hemorrhage, or a 
fracture that has reduced itself, 

Rarely, a patient whose vision was un- 
affected. orginally may show progressive 
visual deterioration weeks and even months 
after the injury. This may be due to fibrosis 
and callus formation causing increasing 
pressure on the optic nerve. 

When a fracture of the optic canal pro- 
duces a deficit in vision, immediate decom- 
pression of the optic nerve is required to 
restore sight.’ However, because of asso- 
ciated head injuries, many of these patients 
are not able to undergo this formidable 
procedure. 


SUMMARY 


t. Fractures of the bony orbit present 
definite patterns. 

2. They may be of no clinical significance 
or may lead to incapacitating ocular dis- 
ability and even blindness. 

3. Diagnosis of these fractures may be 
impossible without a knowledge of the 
clinical findings and correlation of these 
findings with the roentgen signs. 

4. Treatment of these fractures demands 
the combined skills of medical specialists 
in widely-separated fields. 

§. The recognition of these fractures and 
a knowledge of their treatment will allow 
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Fic. 6. Fracture with elevation of roof 
of left optic canal. 


the radiologist to contribute greatly to the 
patient's management. 


Wilham T. Thorwarth, M.D. 
8836 Germantown Avenue 
Philadelphia, Pennsylvania 19118 
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SOFT TISSUE ROENTGENOGRAPHY OF 
° THYROID NODULES* 


By FREDERICK R. MARGOLIN, M.D,,t and HOWARD L. STEENB ACH, M.D. 


SAN FRANCISCO, CALIFORNIA 


( «OMA of the thyroid gland, in 
most instances, eludes definitive. pre- 
operative diagnosis. Diagnostic roentgen- 
ologv has contributed relatively little to the 
evaluation of a thyroid nodule for malig- 
nancy. 

As an aid in the differentiation of benign 
and malignant thyroid disease, several 
roentgenologic techniques have been em- 
ployed. Laminagraphic examination of the 
neck after injection of gas into the soft 
tissues around the thyroid gland has been 
performed by Rozenshtraukh and Pono- 
marev,” as well as by other European in- 
vestigators. Although this technique suc- 
ceeds in demonstrating the extent and 
configuration of thyroid tissue, it has no 
definitive value in the diagnosis of malig- 
nancy. The applications of thyroid arteriog- 
raphy have been described recently by 
Dindjan ef al? Ritvo" has attempted to 
correlate tracheal configuration with car- 
cinoma of the thyroid gland. A later study 
by Schein ef al. showed this method to be 
unreliable and frequently misleading. Thy- 
roid enlargement as manifested in the plain 
roentgenogram of the neck and in the 
barium esophagogram has recently been 
discussed by Kreel? and his associates." 
They described no features by which be- 
nign or malignant thyroid diseases can be 
distinguished reliably. 


PSAMMOMA BODIES AND THYROID CANCERS 


Histologic examination of thyroid. car- 
cinomas frequently reveals characteristic 
spherical calcifications called calcospherites 
or psammoma bodies. These are rounded, 
basophilic, concentric, usually lamellated 
bodies varying in diameter from 10 to 100 
microns. Although they are most common 


in papillary carcinomas, they may be 
present in all types of epithelial neoplasms 
of the thyroid gland. Klinck and Winship,’ 
in a histologic studv, examined thyroid 
tissue from 2,626 patients; among the 470 
carcinomas in this group, psammoma 
bodies were found in 48 per cent. Distri- 
buted by histologic type, these calcifica- 
tions were seen 1n 61 per cent of papillary 
carcinomas, 26 per cent of follicular car- 
cinomas, and 13 per cent of undifferentiated 
malignancies. In 21 per cent, the calcifica- 
tion was not present in the primarv tumor 
itself, but in the adjacent normal gland. 
The calcifications appeared to be more 
common in childhood cancer than in that 
of the adult. Psammoma bodies appeared 
in 29 per cent of metastatic thyroid lesions. 
Of most importance was the observation 
of psammoma bodies in only one non- 
cancerous thvroid gland. 

The roentgenologist is familiar with the 
roentgen appearance of the calcified psam- 
moma body. These bodies are found in 
many tumors and at different sites.! They 
may be seen in cystadenoma or cystadeno- 
carcinoma of the ovarv, meningioma, renal 
cell carcinoma, some gastrointestinal car- 
cinomas, and in bronchiolar cell carcinoma 
of the lung. Psammoma bodies in thyroid 
carcinoma, therefore, are of interest to the 
radiologist as well as to the pathologist. 
When they are sufficiently numerous or 
conglomerate, these bodies are visible 
roentgenologically. 


ROENTGENOLOGIC APPEARANCE OF THYROID 
CALCIFICATION 

Evidence of calcification within the thy- 

roid gland is frequently seen in ordinary 

roentgenograms of the neck or chest. Segal 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
+ Research Fellow, Diagnostic Radiology, National Institutes of Health. 
Supported in part by U.S.P.H.S. Grants GM 1272 and AM o2589 and in part by the University of California School of Medicine, 
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et aL, agreeing with Holtz and Powers 
proposed criteria for roentgenographic dif- 
ferentiation of the calcium deposits. that 
are associated with benign and malignant 
disease. The roentgenograms must show 
the bodies to be poorly marginated, hazv, 


not densely calcific, about equal in size, 
and usuallv grouped in streaks or in à 


nebular formation within a well-limited 
area that does not have a calcific rim (Fig. 
1,7). Calcifications of a benign nature are 
usually dense, sharply marginated, and of 
variable size and distribution (Fig. 15). 
The authors expressed the belief that a 
clear differentiation between these two 
groups of calcifications can be made from 
plain roentgenograms of the neck. Similar 
conclusions were reached by Fournier and 
Jouve-Fournier.! The presence of psam- 
moma bodies within the gland was con- 
sidered as diagnostic of carcinoma. Psam- 
momatous calcification was noted by Holtz 
and Powers? in roentgenograms of the neck 
or chest of 3 patients. Later histologic 
study revealed papillary carcinoma with 
psammoma bodies in these glands. Segal 
et al. obtained soft tissue roentgenograms 
of the neck of 29 patients with thyroid 


masses before thyroidectomy. In 3 patients 
psammomatous calcification was demon- 
strated roentgenographically and psam- 


moma bodies were present histologically. 
The carcinomas in these patients were also 
of the papillary variety. No false-positive 
results were obtained. 

Gerard-Marchant et al’ performed pre- 
operative roentgen examinations on 44 
patients with thyroid masses, employing 
oblique and lateral projections of the neck 
on non-screen film. These roentgenologic 
results were subsequently correlated with 
the results of the eua examination, 


as well as with the roentgen appearance of 


the excised specimen. In the 10 carcinomas 
in their series, evidence of psammomatous 
calcification was seen on roentgenograms 
of the neck in 5 instances, but was demon- 
strated histologically in only 4 of these. 
A retrospective study by Erazo and 
Wahner? of neck roentgenograms in 28 
patients with benign nodular goiter and 47 
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G1) Dense, amorphous plaques of coarse 


FIG. f. 
calcification in a benign nodular goiter. (B) 
Typical psammomatous calcification in a papillary 
adenocarcinoma. (Reproduced with permission of 
luvestigatice Radiology. t”) 


patients with thyroid carcinoma showed 
calcification in 73 per cent of the benign 
neoplasms. These deposits were all of the 
coarse amorphous type, except in one in- 
stance in which psammomatous calcifica- 
tion was seen. Of their patients with thy. 


roid carcinoma, typical benign calcifica- 


846 lrede 

tions were seen in 35 per cent and charac- 

teristic psammomatous calcifications in 6 
* 

per cent. 


CURRENT INVESTIGATION 


In none of the previously cited investiga- 
tions was soft tissue roentgenography per- 
formed with a technique incorporating 
principles designed to provide optimal con- 
trast and detail. These principles, as used in 
mammography, include: (a) low kilo- 
voltage and high milliamperage; (b) no 
filtration; (c) short object-to-flm distance; 
(d) fine grain, non-screen, industrial type 
film; and (4) manual processing. 

The results of previous studies would 
suggest that further study of the correla- 
tion of calcification and thyroid disease is 
indicated. A reliable and reproducible 


technique for the zz vivo demonstration of 


psammoma bodies would be of consider- 
able value in the management of patients 
with nodular thyroid enlargement. A tech- 
nique was devised that closely p 
mated that used in mammography. The 
current study was undertaken to deter- 
mine if the application of these funda- 
mentals of soft tissue roentgenography 
would provide sufficient detail to clearlv 
differentiate between benign and malig- 
nant calcification, 


METHODS AND MATERIALS 


Roentgenograms of the neck were ob- 
tained in all patients with thyroid nodules 


ulmitted for surgery at the University of 


California Medical Center between May, 
1965 and September, 1966. Most patients 
with known, diffuse hyperplastic goiter 
were excluded from the study, as the in- 
cidence of carcinoma is only 0.15 per cent 
in this group. Thus, a total of 100 patients 
were studied in the preoperative period. 
An additional 14 out-patients were ex- 
amined in whom surgical proof is not vet 
available. In all 114, clinical examination 
of the neck was performed by one of us 
(V.R. M.) before roentgenography. 

Small lead markers overlying the clavic- 
ular insertion of the sternocleidomastoid 
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muscle identified the right and left sides. 

6g instances, routine lateral and obliq 
soft tissue roentgenograms of the neck we 
first obtained on Du Pont Cronex I film wi 
screen cassettes. The exposure factors wet 
56 kv., 30c ma., one-tenth second a 

» inches target- to: film distance. 

After this roentgenography, with equi 
ment routinely employed for mamme 
raphy, a soft tissue examination of t 
neck was done. After considerable ¢ 
perimentation with technical factors a 
patient positioning, the following pi 
cedure was adopted. The patient is plac 
prone on the roentgenographic table wi 
the neck flexed over the edge of the tal 
(Fig. 2). A small sandbag is inserted 
conform to the curvature of the neck a 
a malleable plastic 5$ X 7 inch casset! 
IS placed pow Tu the sandbag. T 
head is then allowed to drop over the ta 
edge to its most dependent position, a 
the chin is turned laterally. The ante 
lateral aspect of the neck is thus in cont: 
with the film cassette and one of the tl 
roid lobes is brought into relief. The t 
with its extension cone is then angulat 


oO 


15° toward the patient and 10° cauda 


* Anscoflex, General Aniline and Film Corporation, 





Fic. 2. Position of patient, cassette, and tube 
oblique exposure. The weight of the patient's F 
hanging over the table edge keeps the sand 


and cassette in place. The anterolateral as 
of the neck is in contact with the film cassett 
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in order to project the shoulders down- 
ward. In this position, the oblique roent- 
genogram 1s obtained. The opposite oblique 
roentgenogram is made in a similar man- 
ner. Next, the patient is rotated into a 
steep oblique position with the desired side 
downward. A single, slightly oft-lateral pro- 
Jection 1s then obtained with the tube 
angled 5° toward the patient and 35° 
caudally. The technical factors used for 
the oblique exposure are: 56 kv., 300 ma., 
3 seconds and 26 inches target-to-film dis- 
tance. For the lateral roentgenogram 48 
kv., 300 ma., 3 seconds and 28 inches 
target-to-film distance are used. No filtra- 
tion ts added. 

It must be emphasized that the above 
technique was most frequently applied to 
the average patient. Those with long, 
slender necks generallv required less ex- 
posure, resulting In roentgenograms of ex- 
cellent quality. Short, thick-necked and 
elderly patients posed a major technical 
problem for which tube distance, angula- 
tion, and exposure factors had to be in- 
dividually adjusted. 

The exposure factors listed above were 
those required by the tube that was used 
throughout most of the study. When a new 
beryllium window tube was emploved 
during the latter part of the study, reduc- 
tion of exposure time by ṣo to 60 per cent 
was possible in the average patient. 

Many non-screen and industrial films 
were tested for contrast and sharpness of 
detail by roentgenography of specimens 
known to contain psammoma bodies. 
Kodak M and AA-film provided superior 
image resolution. On further testing, the 
latitude of these films was determined to 
be sufficiently complementary to allow 
both to be used in the same cassette. This 
double-loading technique thus produced 6 
roentgenograms of me neck in 3 positions, 
using only 3 exposures. fait ale auto- 
matic processing was used, but the results 
were inferior to those obtained by manual 
development of the industrial film for 8 
minutes. 


Roentgenograms of 81 specimens were 
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obtained, 4 exposures being made of each 
specimen, for 2 of which the tissue was 
placed in a water phantom. The identity of 
right and left lobes and upper and lower 
poles was preserved whenever possible. All 
roentgenograms were examined at least 
twice with a hand lens under intensified 
illumination. 


RESULTS AND DISCUSSION 


The findings in 16 patients with thyroid 
carcinoma are presented in Table 1. In only 
3 patients, all with papillary adenocar- 
cinoma, could very faint psammomatous 
calcification be recognized on soft tissue 
roentgenograms of the neck (Fig. 3, 4-C; 
4; £ and B; and 5, 4 and B), although 
Ristolocically. psammoma bodies were pres- 
ent in 10 patients. In 1 of these 3 patients, 
the psammoma bodies were identified on 
routine roentgenograms of the neck, ad- 
jacent to the hyoid bone anteriorly. At 
surgery, papillary carcinoma was dis- 
covered in a thvroglossal duct cyst in this 
region. An additional, densely calcified 
nodule was present in the left lobe of the 
thyroid gland which, at a second operation, 
proved to contain a central focus of papil- 
lary carcinoma, In another patient, coarse 
calcific deposits were combined with cal- 
cification in a psammomatous pattern. In 
no instance was psammomatous calcifica- 
tion seen in cervical lymph nodes that later 
were shown to contain metastatic thyroid 
carcinoma. In 1 patient, roentgenograms of 
a large metastatic deposit in the anterior 
chest wall were obtained, but calcification 

was not demonstrated in ‘this mass. 

In roentgenograms of specimens of 
glands containing carcinoma, coarse cal- 
cification and combined coarse and psam- 
momatous calcifications were present more 
often than were psammoma bodies alone. 
Coarse calcification was present histologi- 
cally at some distance from the carcinoma 
in all instances but one. In this specimen, 
a papillary carcinoma containing psam- 
moma bodies was described within the 
center of a well calcified adenoma. That 
the coarse deposits of calcium seen on 


845 


Frederick R. Margolin and Howard L. Steinbach 


Aprin, 1968 


‘Tarte | 


CALCIFICATION IN THYROID CARCINOMAS 
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Carcinomas 
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Papillary 





Final Histologic Diagnosis 


MWIRHEEEITEEEE—————————————————Á M MIMI taa 


oe en ‘Mixed Papillary, 
POMeular | and Follicular | 


Medullary 


| Carcinoma Carcinoma RN Carcinoma 
| 
No. of Patients: 16 | lo | 3 | 2 
Calcification in Roentgenogram : | 
None Y : 5 | 1 2 
Coarse 4 | 2 | 2 © | O 
Psammomatous 2 | 2 | o | O | Oo 
Combined | | o | o | © 
Caicthcation in Roentgenogram | | | | 
of Specimen* | | | | 
None 3 | ] | © | I | 
Coarse b | 3 | E | O | © 
Psammomatous ji | 2 | o | 1 o 
Combined i | 3 | O | O | O 
| | ! | 
Calcification on Histologic Ex- | | | | 
amination of Specimen 7 : 
None e 3 | i | o 
Amorphous 3 | | 2 | o O 
Psammomatous ^ | g O 2 © 
Combined i 3 © O | © 


* Roentgenogram of specimen not obtained in 1 patient with papillary carcinoma. 


roentgenograms of some of the specimens 
were either not included in histologic sec- 
tions, or not described by the pathologist, 
is recognized. À more detailed roentgeno- 
logic and histologic correlation of calcifica- 
tion in 102 thyroidectomy specimens has 
been reported elsewhere." 
Roentgenograms of the neck of 84 
patients with nonmalignant disease (Table 
1) disclosed coarse, dense calcium de- 
posits in 23 per cent. These were most 
frequent in patients with nodular goiter. 
Commonly, in these instances, calcifica- 
tion not seen in preoperative roentgeno- 
grams was revealed in the roentgenograms 
of the specimens. In some of these, the 
technique of the preoperative examination 
had been inadequate for demonstration of 
the calcification. In others, the calcific foci 


may have been either very small or in a 
substernal location. 

Although, occasionally, psammomatous 
calcification in thyroid carcinoma may be 
quite dense and easily recognizable on plain 
roentgenograms of the neck without special 
roentgenographic technique, in most in- 
stances this calcification is faint and ill- 
defined. Roentgenograms obtained with the 
technique applied in this study were com- 
pared with routine studies of the soft tis- 
sues of the neck. The results indicated that 
the dense, as well as the faint, areas of 
calcium could be much better defined by 
employing the former technique (Fig. 3, 
A-C). Prolonged exposure times ranging 
from 1 to 3 seconds inevitably allowed some 
motion from vascular pulsation, even in the 
most cooperative patients. The technical 


y 
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bie. 3. C4) Routine neck roentgenogram. A 
calcified nodule in the right lobe of the 
dad is not visible. (B) Industrial film 
exposure obtained in the same position. 
The curvilinear calcium deposit 1s clearly 
seen. Note the calcified tracheal rings and 
trabecular detail in the spine. (C) Roent- 
genogram of the excised right lobe in a 
water phantom. 


E 


quality of i. roentgenograms obtained, The calcified cartilaginous structure of 
however, was superior to the routine ex- the larynx and trachea could be extremely 


posures of e neck in nearly every in- well defined in most of the patients. AI. 

stance. The greatly decreased object-to- though no abnormality of these structures 
film distance and the weight of the patient’s was recognized, the technique may prove 

dependent head, tending to immobilize the to be of value in the assessment of trau- 
neck, probably more than compensated matic and destructive processes in these 
for any motion inherent in the longer ex- areas. 

posure time. Histologically, psammoma bodies can 





lic. 4. GT) Industrial flm roentgenogram showing 
very faint calcium deposits superimposed on the 
tracheal air column. The caleification is psam- 
momatous In nature. (8) Roentgenogram of the 
surgical specimen: a papillary adenocarcinoma, A 
psammomatous pattern is evident. 


be expected 1n approximately so per cent 
of thyroid cancers. Most often, thev are of 
insufficient density and number to allow 
roentgenographic identification zz vivo de- 
spite attention to technical details of soft 
tissue roentgenography. Sufhiciently nu- 
merous or conglomerate psammoma bodies 
may sometimes be identifed on routine 
roentgenograms of the neck or chest, with- 
out recourse to the soft tissue technique 


applied in this study. When noncalcified 
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Apein, ight 
carcinomas and those containing too few 
psammoma bodies to be seen even on tech- 
nically optimal roentgenograms are elimi- 
nated, the remaining carcinomas contain- 
ing psammoma bodies potentially demon- 
strable only with the technique described 
here, are disappointingly few. 

This method of examination could prob- 
ably be employed with success in those 
instances in which routine roentgenograms 





Fic. 5. (4) A well calcified nodule seen with indus- 
trial film technique, (Æ Roentgenogram of the 
specimen: a benign adenoma. 
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Tage II 
CALCIFICATION IN BENIGN THYROID DISEASE 
Wenn ie 
| Final R Diagnosis 
DEE VE E E ETE ST, — € : 
Follicular ! Hashimoto's: Nodular Diffuse | Total 
i A Jj | | e | i aota 
| Adenoma | Thyroiditis | Goiter | Hyperplasia | 
EE E EEE NASE EAE NE E, XA LU ST 
No. of Patients: | 28 | L1 | 36 | 10 | 84 
| | i SE EENE 
pe m n —————— —— 
tags ification in Roentgenogram of | | | | | 
Connie : | i | Ig | o : 19 
Calcification in Roentgenogram of | | | | 
Specimen | | 
Amorphous | 5 A 23 : 2 | 15 
| | | 
Calcification on Histologic Exami- | | 
nation of Specimen | 
Amorphous | 6 ii o 28 
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of the neck suggest the presence of hazy 
thyroid calcification. Soft tissue roent- 
genography to show that this calcification 
is of a psammomatous nature will, with 
few exceptions, establish the presence of 
carcinoma within the gland. 

SUMMARY 

Calcified psammoma bodies are seen 

histologically in £o per cent of thyroid 
carcinomas, but extremely rarely in benign 
disease. W hen sufficiently numerous or 
aggregate, these cast a discernible roentgen 
shadow, usually appearing as hazy, ill- 
defined areas of only slight opacity. Their 
recognition will allow a preoperative roent- 
gen diagnosis of carcinoma to be made. 
Coarse, dense calcific deposits in the thy- 
roid are frequently recognized roentgeno- 
graphically. These are nonspecific in nature 
and bear no predictable relationship to 
malignancy. 

Soft tissue roentgenograms of the neck 
in 100 preoperative patients with thyroid 
nodules revealed abnormal calcium de- 
posits in 26 per cent. In only 3 patients in 
whom calcium was shown on roentgeno- 
grams of the neck was a psammomatous 
pattern demonstrated. All 3 of these 
patients had papillary adenocarcinoma. 


Histologically, psammoma bodies were 
found in specimens of to of 16 patients 
with thyroid carcinoma. 

The method of soft tissue roentgenog- 
raphy of the neck, as described here, pro- 
duces roentgenograms of excellent techni- 
cal quality. There is little, however, to 
recommend its routine use in the evalua- 
tion of thyroid nodules. This method of 
study may well be useful when clinical 
findings strongly indicate that a nodule is 
malignant. It mav be further applied as a 
supplement to routine roentgen examina- 
tion in which deposits of calcification are 
considered suspicious. Psammomatous cal- 
cification in metastatic deposits of thyroid 
carcinoma has not been demonstrated 
roentgenographically. 

Howard L. Steinbach, M. D. 
Department of Radiology 
University of California 


San Francisco Medical Center 


San Francisco, California 94122 
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OBSTRUCTIVE CARDIOMYOPATHY* 
CINEANGIOCARDIOGRAPHIC STUDY OF 50 CASES 


By J. P. BOURDARIAS, M.D., 
M.D., L, 


PARIS, 


HE clinical, electrocardiographic and 

hemodynamic signs of obstructive 
cardiomyopathy are quite well known. 
Recent publications, however, have cast 
some doubt as to the exact site of the left 
ventricular obstruction. 

The purpose of this paper is to describe 
the various morphologic anomalies of the 
4 heart chambers, and to attempt an ac- 
curate localization of the site of obstruc- 
tion, 


MATERIAL 


This study concerns 50 cases of obstruc- 
tive cardiomyopathy, the 
which was based on the clinical, electro- 
cardiographic and Eur namic signs pre- 
viously reported. %3% 7217. 2.2 Fourteen of 
them have ecc surgery and two 
others have been examined post mortem. 
A left intraventricular pressure gradient 
was found in 40 cases under basal condi- 
tions (average value 77 mm. Hg). In 6 
cases, the left ventricular pressure gradient 
was demonstrated onlv after isoproterenol 
infusion (average value 72 mm. Hg). In 
the 4 cases 1n which it was not possible to 
thread the catheter past the obstruction, a 
pressure gradient varving from 30 to 80 
mm. Hg was found at surgery between the 
left ventricle and the radial artery. 


METHODS 


Cineangiocardiography was performed 
during the course of heart catheterization 
on a table situated 1 meter from the roent- 
gen-rav tube.* The pictures were taken 
with à 35 mm. camera on Double X film.t 
The camera was used with the following 


* Table Navarre, X-ray Continental, 
Générale de Radiologie, Paris. 


T Camera Cameflex, Kodak-France. 


source Compagnie 


diagnosis of 


P. OURBANK, M.D., J. FERRANE, M.D., Y. SOZUTEN, 
SCEBAT, M.D., and J. "LENÉGRE, 


FRANCE 
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standards: 80 to 100 kv; 200 ma.; frame 
exposure time 0.003 second, with rates 
ranging from 48 to 120 frames per second. 
The contrast material used was vasurix 3of 
for the selective injections (1-1. ml./kg.) 
and vasurix sot for the intravenous injec- 
tion (1.5-2 ml./kg.). 

The contrast material was injected either 
intravenously, through a venous cannula 
(gauge 20/28 1n children, 35/40 1n adults) 
inserted into an antecubital vein, or selec- 
tivelv in one of the ventricles, through an 
Alvarez catheter (No. 7 to 9)§ for the right 
side, and for the left side, according to 
Seldinger’s technique? through a poly- 
ethylene or Rapol catheter, with a Gidlund 
svringe|| (pressure 4 kg./cm.?). 

The examination was done 1n the post- 
absorptive state, following an intramuscu- 
lar injection of phenobarbitone o.10 gm. 
and of promethazine 0.050 gm 

Thirty-four cineangiogr raphic examina- 
tions were carried out bv selective injec- 
tion of contrast material either into the left 
ventricle: 27 cases, with posteroanterior 
(PA) incidence in 7, left anterior oblique 
(LAO) in 1, left lateral (LL) in t, and right 
anterior oblique (RAO) incidence in 18; 
or into the right ventricle: 7 cases, all in 
RAO incidence. Sixteen cases were studied 
after an intravenous injection of contrast 
material, with PA incidence in 3 and RAO 
incidence in 13 cases. Additionally, 5 
cineangiographies were performed after 
selective injection at the root of the aorta: 
PA incidence in 2, RAO incidence in 2, and 
LAO incidence in 1 case. 

In 3 cases, a second cineangiocardio- 


t Querer 3t CHER; France. 


X - 


| Add. A. B. Elema, Sac eim. Sod 


* From the Clinique Cardiologique, Hópital Boucicaut, Paris, France. 
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hic. 1. Aspect of the right atrium. Top: Venous 


cineangiocardiograp hw in right anterior oblique 
view. Dextrogram: 2 views of ventricular diastole 
(d) and ventricular systole (s) in the same patient. 
Bottom: Diagram of the right atrium in systole 
and diastole corresponding respectively to ven- 
tricular diastole (d) and systole (s). 1--Atrial en. 
largement; 2-—venous suprahepatic regurgitation: 
3—-right atrial appendage enlargement. The dit- 
ference in size of the atrium in systole and diastole 
indicates the intensity of atrial contraction. 


graphic examination was undertaken under 
isoproterenol infusion in RAO incidence? 

Slow speed projection makes it possible 
to study with greater accuracy both end- 
systolic and end-diastolic phases, and also 
to stop on the chosen frame in order to draw 
the internal contours of the various cardiac 
chambers. 


RESULTS 


- The ri Han atriu um was stu died on 16 

“ig, 1). Its filling was 

m to ibe norm: 25 in 1 $ cases, slowed in 10 
cases and markedly prolonged in 1 case; 
in 13 cases a regurgitant flow was seen in 
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was very short, 
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the inferior vena cava and in the supra- 
hepatic veins (Fig. 5); this was very marked 
in 6 cases, with retrograde opacification of 
the coronary sinus in 1 case. Atrial en- 
largement was found in 13 cases, while the 
atrial appendage was enlarged in all cases. 
Atrial emptying, measured by the number 
of cardiac contractions necessary for the 
shadow of the fully filled atrium to disap- 


pear, was found to be normal in 7 cases, 
slow in 7, and markedly prolonged in 2 


cases. Right atrial contraction was abnor- 
mally vigorous in 14 cases (Fig. 3; and 8). 

The right ventricle was studied in 23 
cases, 16 by the venous route and 7 by the 
selective right ventricular route. Anomalies 
were noted in both the inflow and outflow 
tracts. 

Anomalies of the anterior margin and of 
the apex (Fig. 2) were particularly well 
shown in RAO projections (20 cases). In 
9 cases, the diastolic shadow of the right 
ventricle was practically normal, although 
its anterior border was slightly irregular 
and less convex than normally (Fig. 3). 
In 7 cases, the main changes occurred only 
during sy stole „in which the anterior border 
became straight and vertical and the apex 
disappeared; however, these modifications 
may be present in diastole as well (Fig. 4). 
In systole, the anterior border had a jagged, 
"geographic map" appearance and 
sumed a vertical direction from the pul- 
monary valve down. The inferior. border 
The whole apical cavity 
was cut off and the inflow tract had a very 
small capacity. In 3 cases, the distortion 
was extreme, the cavity from the tricuspid 
to the pulmonary valves being reduced 
to a channel, in which opaque blood flowed 
very slowly (Fig. £). Muscle masses sep- 


rig 
L 
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arated by pools of contrast medium pre- 
sented a tumor-hke appearance (Fig. 6). 
In 1 case only were the diastolic and systol- 
ic patterns normal. 

Three cineangiocardiograms were taken 
in the PA view. The deformities appeared 
in 2 cases in systole only: exaggeration of 
the normal concavity of the anterior border 
and cutting off of the apex. In 1 case, de- 
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right ventricular deformities of 


Fic. 2. Diagrammatic representation of the various right ventricular deformities in right anterior oblique view 
M m 
E! 





in diastole (D) and systole (S). From left to right: N-—normal; 1, 2, and 
increasing severity. The shaded area represents the right ventricular cavity and the dotted lines its sup- 


posed contour in normal subjects. 
in 3 of 7 selective right ventricular cinean- 


giograms. 
Deformities of the outflow tract have 
7 and 


formities were present both in diastole and 
been noted in 9 cases (RAO view in 


systole (Fig. 7). 
Mild tricuspid regurgitation was noted 


Fic. 4. Venous cineangiocardiogram in right an- 
terior oblique view. Dextrogram: In diastole (d) 
the anterior border is irregular and markedly con- 
cave. In systole (s) considerable reduction of the 
cavity, with thready and fragmented appearance 





Fic. 3. Venous cineangtocardiogram in right an- 
terior oblique view. Dextrogram: In diastole (d) 


the right ventricular cavity is practically normal. 
ightly irreg- 
of its apical part is present. 


In systole (s) the anterior border is slig 
ular and concave in its middle part. 
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Fic. g. Venous cineangiocardiogram in right anterior 
oblique view. Dextrogram: In diastole (d? the right 
ventricular cavity is reduced in size; its anterior 
border is rectilinear, with complete disappearance 
of the apical cavity, where a small pool of opaque 
medium is trapped. In systole (s) the right ven- 
tricular cavity is reduced to a channel. Only the 
infundibulum retains a normal size, 


PA view in 2 cases). They produced in 
systole the appearance of an infundibular 
stenosis limited laterally by the relief. of 
the septal and parietal bands of the crista 
supraventricularis (Fig. 8). 

3. dhe pulmonary and 


7 
valve, 


artery 


Fic. 7. Venous cineangiocardiogram in. the frontal 
view. Dextrogram: The deformities of the right 
ventricular cavity are well seen both in diastole 
(d) and systole (s) but are more difficult to analyze 
than in the right anterior oblique view, 


branches were constantly normal in ap- 
pearance. Pulmonary vascularization was 
increased in 1 case only, 

4. The left atrium (Fig. 9) was studied 
in the 23 cases of right-sided cineangio- 
grams. Maximal opacification of the left 
atrium, as a standard of complete filling, 
was found to occur within normal time 





Fic. 6. Venous cineangtocardiogram in right anterior 
oblique view. Dextrogram: In diastole (d) the 
night ventricular cavity has an irregular contour 
resembling a geographic map. In systole (s) the 
cavity is considerably reduced in size and its ir- 
regular contour gives it a pseudo-tumoral ap- 
pearance. 


Fic. 8, Cineangiocardiogram in right anterior oblique 
view. Dextrogram: In diastole (d) the anterior 
border of the right ventricular cavity is rectilinear 
and vertical. There is a notch in the outflow tract 
corresponding to the septal band of the crista 
supraventricularis. The considerable ditference in 
size of the right atrium during ventricular svstole 
and diastole demonstrates the vigorous atrial con- 
traction. 
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limits in 11 cases, and delayed in 12. Atrial 
size was normal in 2 cases only, moderately 
increased in 12 and definitely increased in 
9 cases, but never to a marked degree. The 
left atrial appendage was well seen in 18 
cases, and its volume was prominent in 14 
of them (Fig. 11). Emptying of the atrium 
was always very slow; in 3 cases, it was 
markedly slowed during more than 20 


cardiac cycles. Left atrial contraction was 
very frequently increased (20 cases). 
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Fic. g. Aspect of the left atrium. Top: Venous 
cineangiogram in right anterior oblique view. 
Levogram: 2 views of ventricular diastole (d) and 
ventricular systole (s) in the same patient. Bottom: 
Diagram of the left atrium in systole and diastole 
corresponding respectively to ventricular diastole 
(d) and systole (s). 1-~Atrial enlargement; 2—left 
atrial appendage enlargement. The difference in 
size of the atrium in systole and diastole indicates 
the vigor of atrial contraction. 
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FIG. 
terior oblique view. 


10. Venous cineangiocardiogram in night an- 
Levogram: the left ventric- 
ular cavity is normal in diastole. 


The left ventricle was studied particu- 
E in the RAO view (38 cases). 

In diastole the left ventricular contour 
was very close to normal in 11 cases (Fig. 
10). In 27 cases, there were definite and 
suggestive anomalies: an inferior border 
with inward concavity protruding into the 
chamber; an anterior border, abnormally 
convex in its upper third, resulted in a 
broken great axis of the chamber, which 
formed a zig zag line ue downwards 
and backwards (Fig. 1I and 12). 

In svstole, the configuration of the left 
ventricular cavity was always abnormal. 
Two main anomalies were observ 'ed, both 
of which could occur with either a Boma 
or pathologic diastolic pattern: (a) bilocu- 
lation of the cavity (24 cases), resulting 
from Junction of a concave inferior border 
and an anterior border concave in its mid- 
dle third. The cavity assumed an hour-glass 
appearance with a subvalvular part of 
normal volume and an apical part, gen- 
erally exiguous, communicating with each 
other through a narrow channel (Fig. 11); 
(b) obliteration of the lower half of the 
chamber (14 cases), resulting from approxi- 

mation of the anterior and | inferior borders 
in their distal parts, thus cutting off the cor- 
responding part of the cavity, which is re- 
duced to a grosslv triangular subvalvular 
chamber pointing downwards (Fig. 13). In 
6 cases, indentation by the mitral papillary 
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muscles gave to this subvalvular chamber a 
trident appearance. 

The PA incidence was used in 10 cases. 
In 1 case only was the diastolic aspect nor- 
mal; in the other 9, the left border was 
elongated and more convex than normally 
and the right border was concave inward in 
its middle third, sometimes protruding into 
the cavity. In systole, both deformities de- 
scribed above in RAO incidence could be 
recognized; 7.e., biloculation (7 cases), ob- 
iteration (3 cases). 

The LAO and LL views were used in 1 
case each. In diastole, the anterior border 
of the chamber did not exhibit the normal 
convexity, but was displaced posteriorly 
in its upper h alf by the septal bulge; the 
posterior border of the cavity remained 
distant from the external contour of the 
heart, thus indicating the considerable left 
ventricular hypertrophy. A subaortic tri- 


FIG. Venous cineangiocardiograms in 
right anterior oblique view in 3 patients 
(2 frames in diastole, and 2 in systole for 
each patient). Levogram: fn diastole 
(d) deformity of the left ventricular cav- 
ity with rupture of its long axis through 
bulging of its lower border, and increased 
convexity of its anterior border are seen 
The distal part assumes a vertical direc- 
tion—tongue-shaped appearance. In sys- 
tole (s) excessive reduction in size and 
biloculation of the left ventricular cavity, 
the free wall of which is very thick, are 
demonstrated. 


angle could be seen in early diastole: its 
limits are the closed aortic valve superiorly, 
the septal border anteriorly and the ante- 
rior cuspof the mitral valve posteriorlv, the 
latter delineated by the nonopacified ‘left 
atrial blood (Fig. 14). In systole, the cham- 
ber was reduced in its lower half and the 
subvalvular portion seemed to be free 
nn any narrowing. 

Mitral incompetence was demonstrated 
in 13 of the 27 cases examined by selective 
left sentados injection, In 12 cases, the 
mitral incompetence was of moderate de- 
gree, showing as a central jet, which did not 
opacify the whole of the left atrium; only 
once was the regurgitation important, 
opacifying the whole left atrium and the 
right pulmonary veins as well. 

7. The size of the coronary arteries could 
be assessed in 29 of the 32 selective opacifi- 
cations of the left ventricle or of the root 
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lic. 12. Selective cineangiocardiogram of the left 
ventricle in right anterior oblique view. In diastole 
(d) the subvalvular part is normal in size but the 
lower half of the left ventricle is narrowed. In 
systole (s) there is considerable reduction of the 
cavity which becomes thready in appearance. 
Besides, the catheter is projected outside the con- 
tour of the opaque cavity, being embedded in the 
heart muscle. This explains the risk of myocardial 
extravasation of opaque material. 


of the aorta; their size was normal in 11 
cases and increased in 18 (Fig. 19). Right. 
sided injections did not usually make it 
possible to visualize the coronary arteries 
during the passage of the contrast material 





Fic. 


3. Selective left ventricular cineangiocardio- 
gram in right antenor oblique view. In diastole 
(d) the cavity is almost normal. In svstole (s) the 
cavity is reduced to a very small triangular sub- 
valvular chamber, with complete obliteration of 
the distal part of the left ventricle. | 


lic. 14. Selective left ventricular cineangiocardio- 
gram in left anterior oblique view. In diastole (d) 
the anterior border of the left ventricular cavity is 
slightly concave at its upper part, and the pos- 
terior wall is thickened. There is an appearance of 
false outflow tract stenosis from the radiolucent 
image of the anterior leaflet of the mitral valve. In 
systole (s) the opened aortic semilunar valves are 
well seen; the stenosis has disappeared, but on the 
opposite side obliteration of the apex is visualized. 


to the left side of the heart; nevertheless, 
they could be well demonstrated in 10 of 
23 cases, and their diameter was found 
enlarged in 6 cases. 





lic. 15. Selective left ventricular eineangiocardio- 
gram in right anterior oblique view. In systole 
(s) there 1s an hour-glass appearance of the left 
ventricular cavity; the 2 coronarv arteries are well 
seen and are of large size. 


SHO 


8. The aortic valve cusps, the sinuses of 
Valsalva were always normal; in 2 cases the 
ascending adrta was found to be dilated 


9. [DE infusion increased the 
deformities observed during the basal 
state. During visualization of the right 
heart (1 case) extreme systolic reduction of 
the right ventricular cavity resulted in a 
channel extending from the tricuspid to 
the pulmonary valve. During left heart 
visualization (3 cases), the hour-glass pat- 
tern was depmutely ütcentuatel | in 2 cases, 
and resulted in an obliteration pattern in 
the third. No mitral regurgitation could be 
demonstrated in the 2 cases of selective 
left ventricular opacification, 


COMMENTS 


Cineangiocardiography has over angio- 
cardiography the advantage of providing 
a great number of pictures covering the 
whole cardiac cycle. This technique 1s par- 
ticularly valuable for the study of a "'func- 
tional obstruction,” as it enables one to 
choose the suggestive frames and analyze 
their chronology. 

Selective cineangiocardiography of the 
left ventricle gives a good opacification of 
this chamber and permits the detection of 
mitral incompetence. But it has some dis- 
advantages: the common occurrence of 
ventricular extrasystoles modifying the 
left ventricular behavior and the possible 
contrast material extravasation into the 
mvocardium.*?? In our series, this accident 
was observed in 2 of 27 cases. Venous 
cineangiocardiography, which is a simpler 
and less hazardous method, results in a 
good enough opacification of the left side 
of the heart, and makes possible the suc- 
cessive study of the 4 chambers and their 
movements. For these reasons, it seems to 
be the method of choice. 

The RAO view, used in three-quarters of 
the cases, seems to be the one which gives 
the best definition of the cardiac chambers; 
in this view the greater axis plane of the 4 
cardiac cavities 1s almost parallel to the 
plane of the film. On the dextrogram, it is 
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easy to dissociate the right atrium from the 
right ventricle, and to identify the indenta- 
tion marking the site of the tricuspid valve. 
The antero-septal angle of the right ven- 
tricle can be seen and limits anteriorly this 
cavity by a convex curve. The inflow and 
outflow tracts are well separated. On the 
levogram, the left atrium and left ventricle 
are also well separated, since the mitral 
ring is perpendicular to the plane of the 
flm. The mitral papillary muscles are 
visualized separatelv, as are the apex of 
the ventricle and its outflow tract. 


RIGHT ATRIUM 


Right atrial dilatation contrasted with 
frequently small right ventricular cavity. 
Its forcible contraction and slow emptving 
were related to diminution of right ven- 
tricular distensibility. Right atrial en- 
largement demonstrated by angiocardiog- 
raphy correlated well with the electrocar- 
diographic signs of right atrial hypertrophy 
In 7 ei 15 cases and in all cases with promi- 
nent ' ' waves on the right atrial pressure 
RE (8 to 24 mm. Hg). Tricuspid in- 
competence, although present in 3 cases, 
was not accompanied by a prominent “v” 
wave on the atrial pressure tracings pre- 
viously recorded. It is probably an artifact 
due to the passage of the catheter through 
the tricuspid valve. 


RIGHT VENTRICLE 


(1) Anomalies of both the anterior 
margin and the apex were practically con- 
stant; thev have been noted, more or less 
clearly, in 19 of 20 dextrograms in RAO 
view. Thev were always obvious in systole, 
but could sometimes be seen also in diastole 
(10 cases). The RAO view made it possible 
to study at its best both the topography 
and the importance of muscular hyper- 
trophy. In the antero-septal angle several 
muscular elements are found: ansiform 
band, anterior papillary muscle of the 
tricuspid valve and many trabeculae car- 
neae. The space lined by these different 
muscular reliefs on one side and by the 
interventricular septum and the anterior 
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wall of the right ventricle on the other was 
the smaller, the more marked the hyper- 
trophy. This explains both the progressive 
angiocardiographic deformities of the an- 
terior border, which became first vertical 
and then concave, and the filling defects. 
Systolic approximation of the septal, in- 
ferior and anterior walls has cut off the apex 
and the near-by part of the inflow tract. In 
extreme cases, the right ventricular cavity 
was reduced to a channel extending from 
the tricuspid to the pulmonary valve, as 
confirmed at operation in 2 cases. Exclusion 
of the right ventricular apex explains the 
presence of a pressure gradient between the 
apical portion and the inflow tract," 

(2) The patterns of low infundibular 
stenosis were much less common. They are 
due to hypertrophy of the muscles lining 
the crista supraventricularis. The stenosis 
was often a mild one, and was associated in 
all cases with a moderate pressure gradient 
between the outflow and inflow tracts of 
the right ventricle (average value 18 mm. 
Hg; range 11-27 mm. Hg). This stenosis 
might be extremely taut, as in the case re- 
ported by Lundquist e£ 47.3 It can be dis- 
tinguished from congenital infundibular 
stenosis by its occurrence in systole onlv; 
indeed in 8 of g cases the infundibular 
diameter remained during diastole larger 
than, or equal to, the main pulmonary 
artery diameter. 

(3) There was no correlation between 
the intensity of the cineangiocardiographic 
deformities and the presence or absence of 
electrocardiographic or roentgenologic signs 
of right ventricular hypertrophy. 


LEFT ATRIUM 


Left atrial enlargement was frequently 
observed (21 of 23 cases) but it never was 
very marked. In the g cases in which it was 
obvious, it could already be seen on stan- 
dard roentgenograms, or was associated 
with electrocardiographic signs of left atrial 
hypertrophy and with a left ventricular 
end-diastolic pressure exceeding 20 mm. 
Hg. It might be related to the presence of 
2 factors: an eventual mitral incompetence 
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and/or a diminution of left ventricular 
distensibility, the latter being indicated bv 
the strong atrial contractions and the 
marked amplitude of the “a” wave on the 
apex cardiogram. 

Mitral incompetence was found in one- 
half of the cases (13 of 27 cases); this pro- 
portion is similar to that of seven series in 
the literature (47 of ror cases) 5 515.2627,28,20 
Its degree was generally mild to moderate. 
Its mechanism is under discussion; when 
marked, mitral incompetence seemed to be 
related to an anatomic anomaly. The post- 
mortem examination of the only case of 
massive regurgitation of this series showed 
hypoplasia of the posterior leaflet of the 
mitral valve. Similar findings were re- 
ported by Lundquist e£ a/.,!8 Bjork et al., 
and by Wigle. However, in the majority 
of cases, no organic cause could be demon- 
strated. Mitral incompetence would be 
functional, in relation to valvular distor- 
tion by the septal mass or to displacement 
of leaflet insertion by the hypertrophied 
papillary muscles.” The occurrence of this 
mitral incompetence in late systole,’ and 
the simultaneous recording of murmurs in 
both the left atrium and ventricular outflow 
tract^ give support to this hypothesis. 


LEFT VENTRICLE 


Morphologic anomalies of the cavity of 
the left ventricle were constantly observed. 
In 28 of the 48 cases examined in the RAO 
and PA view, a marked concavity of the 
middle third of the inferior border was 
already seen in diastole; this resulted in 
rupture of the great axis of the cavity 
which formed an angle opened downwards 
and backwards. This fact has also been 
noted by Stampbach and Senn, and by 
Braunwald ez a/? In our series, deformities 
during systole always occurred, although 
Braunwald e£ al? reported some cases with 
normal systolic patterns. The “hour-glass” 
pattern observed in 31 of so cases of the 
present series was found in 2 of 4 cases by 
Hansen ef al., in all $ cases of Norden- 
strom e al. in 2 of 28 cases by Braunwald 
etal. and in 5 of 15 cases by Gravier et al" 
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Such patterns are very suggestive of ob- 
structive cardiomyopathy. Braunwald e 
al^ occasionally observed them, although 
to a lesser degree, in other forms of left 
ventricular obstruction. Obliteration of 
the apical region as previously described™ 
was noted in 19 of ṣo cases in this series; 
this was rarely reported, except recently 
by Burchell, and Criley ef af’ 

Numerous authors have emphasized the 
frequency, both in lateral and LAO views, 
of the "inverted cone" pattern, which 
would be characteristic of the disease. In 
fact, this pattern may be observed on the 
levogram of the normal ventricle during 
late systole. Its borders are formed by 
the aortic valve superiorly, the interven- 
tricular septum anteriorly and by the an- 
terior mitral leaflet delineated by the non- 
opacified left atrial blood posteriorly. Al- 
though this pattern is more obvious in 
obstructive cardiomyopathy, it has no 
diagnostic value.? As it is essentially seen 
during diastole, while the aortic cusps are 
shown to be closed, 1t cannot represent 
the site of obstruction.9 *?? 

The relationship between the site of 
obstruction, as seen on angiocardiographic 
pictures on the one hand and found at 
catheterization or operation on the other, 
is still under discussion. Steiner?? could not, 
in the majority of cases, determine with 
accuracy on the angiocardlographic pic- 
tures the site of obstruction, but he re- 
marked that in 2 PA angiograms the ob- 
struction could be located much below the 
aortic. valve, leaving a free subvalvular 
portion. Wigle? reported a discrepancy 
between the sites “where the major septal 
bulge occurs in the angiograms and where 
the gradient occurs." According to Braun- 
wald, the point of pressure drop occurred 
at a distance of 3 cm. below the aortic 
ring. The stenosis itself was found below 
the aortic ring at distances of 2-2.5 cm. 
by Moes e£ al," 4-5 cm. by Nordenstrom 
et al. S and well in the middle of the left 
ventricle in 1 case reported by Hansen 
et al. On operation, Morrow ef al.” located 
the obstructed area at a distance of 3-5 





Bourdgrias, Ourbak, Ferrane, Sozutek, Scebat and Lenégre 


APRIL, 1968 


cm. below the aortic ring. Criley ef al? 
in a series of 7 cases studied in RAO view 
did not observe any significant stenosis of 
the outflow tract. 

In the present series, no stenosis was 
seen in the subvalvular area; on the con- 
trary, this appeared as the only unstenosed 
part of the left ventricular cavity. Both 
systolic obstructive patterns, either "hour- 
glass" appearance or lower half oblitera- 
tion of the ventricular cavity, resulted 
from a more or less complete apposition of 
the hypertrophied septal mass, the mitral 
papillary muscles and the free ventricular 
wall. 

It was possible in 1 case to change the 
hour-glass pattern into the pattern of 
obliteration of the lower half of the left 
ventricle by isoproterenol infusion. The 
latter may thus represent a more severe 
form of the disease but the spontaneous 
versatility of the obstruction and the ab- 
sence of correlation between these 2 angio- 
cardiographic patterns on the one hand 
and the clinical, electrocardiographic and 
hemodynamic signs on the other, make it 
difficult to form a definite opinion. 

The site of obstruction, as indicated by 
cineangiocardiograph y, correlated well with 
the data obtained in the 14 cases operated 
upon. Ín 7 cases, there was a muscular 
band, just below the aortic valves, which 
seemed to represent the upper margin of the 
septal hypertrophy, and not the actual site 
of obstruction. Indeed, it overhung either 
a medio-ventricular muscular ring, which 
encircled the surgeon's finger during systole 

2 cases), or a diffuse muscular hypertrophy 
which obliterated the lower half of the 
cavity (5 cases). In 2 cases, mere incision 
of the subaortic muscular band was not 
enough, as it left a pressure gradient be- 
tween the left ventricle and the radial 
artery; this disappeared when the incision 
was extended down to the apex. In 3 other 
cases, a spiral muscular band was respon- 
sible for an obstruction of the middle-part 
of the ventricle; this band started from the 
interventricular septum, near the apex, 
and was directed upwards and leftwards, 
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pared to half the transverse thoracic diam- 2), 2+ enlargement is present when the 
eter measured at the dome of the right cardiac diameter is greater than half the 
hemidiaphragm. A normal heart size hasa transthoracic Bun n Cau E S 
transverse diameter less than one half the enlargement indicates the transcardiac di- 
'ansthoracic diameter (Fig. 1). One plus ameter to be much larger than half the 
DINE of heart size is present when transthoracic diameter ( iu "dg. 4). 
the transverse cardiac diameter is equal to Left and right ventricular a argement i 
half the transverse thoracic diameter (Fig. illustrated in Figures §, 6, 7 and 8, One oe 





Fic. 2, Patient with aortic stenosis and insufficiency 


lic. 1. Patient with cca of Fallot with normal with 1-7 heart enlargement. There is enlargement 
heart size, enlarged ascending aorta, small main of the ascending aorta, aortic arch and elongation 
pulmonary artery segm E small right pulmonary of the descending aorta. The right main pulmonary 


arteries, and decreased peripheral vessels. arteries and peripheral vessels are normal. 
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lac. 3. Patient with a patent ductus arteriosus show- 
ing 2+ heart enlargement. The main pulmonary 
artery segment is 3+ enlarged and the right main 


pulmonary arteries are large. Peripheral vessel 


: NE hia. g. There is 3-- enlargement of the left ventricle 
are increased and disparity of vessel size is present. 


and a normal right ventricle. 








and 24- enlargement of the right ventricle 


(Fig. 6 and 7) indicate minimal and mod- EB CC 
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erate enlargement of this chamber, Three 
pius eniargement of the right ventricle (Fig. 
8) is present when enlargement of the right 
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Fis. 4. Patient with mitral insufficiency and stenosis Fie 


demonstrating 34+ enlargement of the heart and a 
huge left atrium. The main pulmonary artery seg- 
ment 1s normal. 





^. One plus enlargement of the right ventricle. 


The posterior heart border intersects the inferior 
vao 





070 





Fic. 7. There is marked enlargement of the right 
ventricle (2+) without bowing of the sternum. 
The posterior heart border intersects the left hemi- 
diaphragm behind the inferior vena cava (2+- en- 
largement), 


ventricle has produced outward bowing of 
the sternum. Left ventricular enlargement 
is based on the relationship of the posterior 
heart border to the inferior vena cava at the 
point where the inferior vena cava inter- 
sects the left hemidiaphragm. Three plus 
enlargement of the left ventricle (Fig. 5) is 
infrequently identified: this is, in part, be- 
cause cardiac diseases that produce very 
large left ventricles are frequently asso- 
ciated with right ventricular enlargement. 
Enlargement of the right ventricle results 
in posterior displacement of the heart thus 
making a precise evaluation of the left 
ventricular size difficult. 

A large left atrium is present when this 
chamber is big but does not elevate the left 
main bronchus or produce widening of the 
carina (Fig. 9g). Elevation of the left main 
bronchus signifies a huge left atrium (Vig. 
4). Right atrial enlargement is considered 
present when the right atrial border over- 
laps the intermediate bronchus. 
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Figure 2 demonstrates a large ascending 
aorta, a large aortic arch, and elongation of 
the descending aorta. The notch sign! of 
coarctation with poststenotic dilatation of 
the descending aorta is present in Figure 
10, The infundibulum sign? ts illustrated by 
the arrow in Figure 11. The base of the 
heart refers to the relationship of the main 
pulmonary artery to aortic arch. In com- 
plete transposition of the great vessels, 
these structures have an anteroposterior 
relationship resulting in a narrow heart 
base. 

The size of the undivided main pulmo- 


t ` 


nary segment was graded as small (Vig. 1), 


normal (Fig. 4), or large (Fig. 3 and 11). 
Three plus enlargement of the main pulmo- 
nary artery was indicated by marked con- 
vexity of this structure (Fig. 3). 

The right main pulmonary arteries refer 
to the size of these major vessels within the 
medial third of the right lung. They may be 
decreased (Fig. 1), normal (Fig. 2), or in- 
creased (Fig. 3). Peripheral vessel size re- 





Fic. 8. The left ventricle is normal but there is 34 


i 


right ventricle enlargement. 
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fers to the vasculature in the middle half of 
the lung. It may be decreased (Fig. 1), nor- 
mal (Fig. 2), or increased as in left to right 
shunts (Fig. 3). An attempt was made to 
determine pulmonary vein size as it ap- 
proached the left atrium within the right 
lung (Fig. 2). Peripheral vessel disparity 1s 
demonstrated in Figure 3 and indicates the 
disproportionate tapering of arteries as 
they extend peripherally from the hilar 
area. 

Hyperplastic bronchial arteries, as seen 
with tetralogy of Fallot, frequently produce 
a reticular pattern in the middle and pe- 
ripheral portions of the lung (Fig. 1). Hy- 
perexpansion refers to flattening of the 
hemidiaphragm as seen on the lateral chest 
roentgenogram.'® Kerley’s “B” lines are 
short (1 to 2 cm.), uniform, thin lines lo- 
cated in the periphery and base of a lung 
perpendicular to the lateral chest wall (Fig. 
12).* An evaluation of valve area calcifica- 
tion from plain chest roentgenograms is 
difficult but if calcification was definitely 
identified, the proper notation was made. 


RESULTS AND DISCUSSION 


Uhe per cent frequency distribution or 
incidence matrix for the 25 roentgeno- 
graphic signs as they described the 14 dif- 
ferent heart disease categories are pre- 
sented in Table rr. The University of Mis. 
souri and University of Virginia cases have 
been combined so that the matrix repre- 
sents the total experience from 749 pa- 
tients. The number of cases in each diag- 
nostic category is listed at the bottom of 
the matrix. 

The 148 cases from the University of 
Virginia were diagnosed using the fre. 
quency distribution matrix compiled from 
the 601 University of Missouri patients. 
The University of Missouri matrix was 
slightly modified in that a few zeros were 
replaced with 1 per cent. The reason for 
this is that if a given case is typical of a cer- 
tain disease category but has a single find- 
ing not contained in the computer’s mem- 
ory, the presence of a zero probability will 
throw the case out of that category. Ex- 
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Fic. 9. The left atrium is large and there is 2+ en- 
largement of the heart. One plus enlargement of 
the main pulmonary artery is present. Note the 
apparent elongation of the descending aorta which 
is actually due to lateral displacement by the pos- 
terior heart. This patient has pure mitral stenosis. 


ample: All proved cases of pulmonary valve 
stenosis (PVS) had at least 1+ enlargement 
of the right ventricle. An unknown case 
was seen which was typical for PVS except 
that the right ventricle was roentgeno- 





bic, 10. Patient with coarctation demonstrating rib 
notching and a notched aorta (upper arrow) with 
poststenotic dilatation of the aorta (lower arrow). 
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lic. 11. Patient with patent ductus artericsus dem- 
onstrating the infundibulum sign (arrows). There 
is 2-- main pulmonary artery enlargement. 


graphically normal. Since no previous case 
of PYS had a normal right ventricle, a zero 
was present in this location in the matrix 
and a diagnosis of PVS was immediately 
excluded bv the computer. 

Using the unmodified Missouri. matrix 
and Bayes’ Theorem with the assumption 
of variable independence, the computer 
diagnosed $4 per cent of the Virginia cases 
correctly. With the slightly modified Mis- 
souri matrix, the computer diagnosed 07 
per cent of the cases. The discrepancy be- 
tween these figures emphasizes the impor- 
tance of modifving the computer's experi- 


ence with the radiologist's understanding of 


the pathophysiology of heart lesions. and 
his broader experience. 

Using the Missouri series of proved 
cases, the Virginia cases were diagnosed by 
the statistically more sophisticated method 
of linear dependence. The correct diagnosis 
was obtained in 39 per cent of the total 
series and in 45 per cent of the patients with 
congenital heart disease. 
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The Virginia cases were then added to 
the Missouri. matrix (Table 1) and the 
Virginia cases diagnosed against this new 
matrix, Assuming independence of roent- 
genographic signs, the computer diagnosed 
=o per cent of 148 cases correctly and 81 per 
cent of the congenital lesions correctly. The 
method of linear independence was right in 
76 per cent of the total cases and $0 per cent 
of the congenital lesions. 

These results are actually quite satisfac- 
tory particularly for a screening process us- 
ing only posteroanterior and lateral roent- 
genograms of the chest. However, two 
questions remain. First, why does the com- 
puter do better diagnosing congenital heart 
lesions rather than the total series; and 
second, why does the assumption of inde- 
pendence give more correct diagnoses for 
unknown cases than the method assuming 
linear dependence? 

The answer to the first question is that 
all of the congenital heart lesions studied 
have been uncomplicated defects with rela- 





Fic. 12. Kerley's "B" lines. 
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tively specific physiologic and pathologic 
abnormalities that reflect themselves with 
rather characteristic anatomic changes. An 
exception is the difficulty experienced in 
differentiating ventricular septal defect 
from patent ductus arteriosus—both high 
pressure shunts—in infants. Rheumatic 
heart disease is sometimes characteristic, 
but aortic valve lesions are frequently non- 
specific and can mimic hypertensive heart 
disease, arteriosclerotic heart disease, or 
congenital aortic valve stenosis and vice 
versa. 

The failure of the method of linear 
dependence to reach more correct diag- 
noses 1n the series of unknown cases can be 
explained by noting that this method re- 
quires that more information be extracted 
from the proved case material. Whereas 
the method of independence requires the 
proved cases to yield estimates of the fre- 
quencies for the 28 findings found in the 
worksheet; the method of linear dependence 
requires, in addition, estimates of the 
covariances of every pair of findings. Since 
there are 406 such pairs, the method of 
linear dependence requires more than ten 
times as much descriptive information 
about each disease as does the method of 
independence. This means that the com- 
puter has a much greater chance of making 
errors. If the number of proved cases for 
each disease 1s large enough these errors 
should be infrequent; but if the number of 
cases 1s insufficient, the computer will 
create a diagnostic model which 1s charac- 
teristic only of the series of proved cases 
rather than of the disease as a whole. This 
in turn implies that although the computer 
will do quite well in diagnosing a case ex- 
actly like a case seen previously, it will do 
poorly with unknown cases. 

Our results indicate that the number of 
proved cases available to us is not as vet 
sufficient to provide adequate diagnostic 
information for sophisticated computer di- 
agnosis. This explains why, assuming 
roentgenographic sign independence, the 
computer diagnosed only 54 per cent of the 
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Virginia cases using the unmodified Mis- 
souri matrix; but obtained the correct 
diagnosis in 7o per cent of*the cases when 
the Virginia series was included in the set of 
known cases. The greater discrepancy from 
39 per cent to 76 pef cent using the method 
of linear dependence reflects the greater 
chance tor error inherent in this method. 

It is clear that some method of extending 
the computer’s experience is necessary. 
Probably the best way to accomplish this 
would be to expand the series of proved 
cases so that several hundred cases of each 
disease were available. An alternative 
method would be to incorporate the radiol- 
ogist's experience into the model. Using the 
method of independence, this is relatively 
easily accomplished by modifying the fre- 
quency distribution matrix. A method for 
similarly modifying both the frequency 
distributions and covariances of the roent- 
genographic signs could be of considerable 
value in improving the method of linear 
dependence, but no such procedure is pres- 
ently available. 


CONCLUSION 


The posteroanterior and lateral chest 
roentgenograms of 749 patients with one of 
| 3 different heart diseases or with a normal 
heart have been reviewed. Six hundred and 
one patients were from the University of 
Missouri Medical Center. A test series of 
148 unknown cases from the University of 
Virginia was also analyzed. 

Twenty-five roentgenographic signs were 
evaluated for all 749 patients. Using these 
roentgenographic data, plus the age, sex 
and presence or absence of cyanosis, the 
computer compiled a frequency distribu- 
tion matrix. The test series of 148 unknown 
cases was diagnosed by the computer using 
the data from the University of Missouri 
Medical Center patients. Two Bayesian 
methods were used by the computer; one 
assuming independence of roentgenographic 
signs and the other assuming linear de- 
pendence of roentgenographic signs. The 
results are presented and discussed. 
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The worksheet for recording data, the 
frequency distribution matrix, and the de- 
scriptive and Mlustrative examples of each 
roentgenographic sign represent our Public 
Model. All radiologists can use this Public 
Model to systematicaHy analyze and diag- 
nose heart disease. 


Arch W. Templeton, M.D. 
Department of Radiology 

University of Missouri Medical Center 
Columbia, Missouri 65201 
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THE EFFECTS OF UNILATERAL THORACIC 


IRRADIATION ON PULMONARY 


BLOOD FLOW* 


By CHARLES D. TEATES, M.D. " 


CHARLOTTESVILLE, VERGINIA 


HE world’s medical literature con- 
tains many articles dealing with radi- 
ation pneumonitis and fibrosis which have 
appeared since the original description by 
Groover et a]? of certain symptoms, signs, 
and roentgenographic changes incident to 
radiation therapy of the chest following 
mastectomy. A recent review outlines the 
highlights of this extensive literature." 
Attention has been concentrated on the 
incidence, severity, pathology, and preven- 
tion of radiation damage to the lung. 
Physiologic investigations have been carried 
out primarily on the ventilatory capacity 
and the diffusing capacity because these 
functions are readily measured. 
Physiologic studies in dogs with radia- 
tion pneumonitis and fibrosis have indi- 
cated that a complex change 1s produced in 
lung function. Evidence has been presented 
showing that a so-called alveolar-capillary 
block could not account for the decreased 
gas exchange in the damaged lung.” Finley 
et al? have shown that impaired diffusion is 
probably due in large part to nonuniform 
distribution of gas and blood in the lungs 
and pulmonary arterial-venous shunting, 
rather than thickening of the alveolar and 
capillary walls. The circulatory component 
of gas exchange in the radiation damaged 
lung has not received the attention it de- 
serves. This report concerns the effects of 
thoracic irradiation on the pulmonary cir- 
culation as investigated experimentally in 
dogs. 


MATERIAL AND METHOD 


Three mongrel dogs received a calculated 
mid-lung dose of 3,000 r directed to the 
entire right lung, but sparing the left lung, 
in 3 doses over a § day period. The radia- 


tion was equallv divided between anterior 
and posterior portals on alternate days 
using cobalt 60 teletherapy. 

The lungs were studied prior to irradia- 
tion and at frequent intervals up to 393 
days after irradiation with thoracic roent- 
genograms and lung scans. The scans were 
obtained after the intravenous injection of 
roo microcuries of I?! macroaggregated 
human albumin. No allergic reactions to 
the small quantities of human albumin 
were noted. Pulmonary arteriograms were 
obtained at about 400 days after irradia- 
tion in each case. The lungs were examined 
grossly and microscopically following the 
arterlograms. 

Relative pulmonary blood flow to each 
lung was calculated by the method of 
Lopez-Majano ef al’ Scan density was 
determined in three regions of each lung by 
a photometer with a 1 inch diameter port- 
hole. The total scan density of the right 
lung was compared to the total scan den- 
sitv of both lungs, and values for estimated 
percentage artery perfusion of the right 
lung were calculated. 


RESULTS 


A] scans were made with the range of 
the photorecorder set to give às near a 
linear response as possible from background 
to highest isotope concentration in the 
lung fields. Several test scans with known 
concentrations of I! using these settings 
gave a density curve which was linear on 
semi-log paper. This curve was used to cor- 
rect the density readings of the lung scans 
prior to calculation of the percentage per- 
fusion of the irradiated lung. 

The estimated blood flow to the right 
lungs prior to irradiation averaged 49.5 


* From the Department of Radiology, University of Virginia School of Medicine, Charlottesville, Virginia. 
Supported by American Cancer Society Institutional Grant No, IN&&E 4606. 
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Fic, 1. Estimated percentage of pulmonary blood 
flow to the irradiated right lung. The average 
values for the 3 animals are indicated by the solid 
hne and the range of values by the vertical brack- 
ets. 


per cent of total lung perfusion in 8 de- 
terminations on the 3 experimental ani- 
mals. The range of values was 44 per cent 
to 56 per cent. Two animals showed a de- 
crease to 38 per cent and 39 per cent per- 
fusion at 52 days following completion of 
irradiation, and all animals had decreased 
perfusion at 109 davs. The average values 
for estimated pulmonary blood flow to the 
irradiated lung and the range of values in 
the 5 animals are illustrated in Figure I. 
Most of the loss of perfusion is noted by 
109 days with little subsequent change. 

The chest roentgenograms usually 
showed a slight alveolar infiltration. re- 
sembling bronchopneumonia before a defi- 
nite change occurred in the lung scan. This 
first change was noted at 44 or §2 days 
after irradiation and usually proceeded to 
complete or patchy consolidation of the 
irradiated lung. The peak of infiltration was 
seen at 76 or tog days. A considerable loss 
of lung volume was associated with the con- 
solidation. Most of the consolidation 
cleared by 211 days, but the loss of volume 
persisted. The changes noted on the roent- 
genograms and scans are illustrated in 
Figures 2 to 8. 

The pulmonary arteriograms demon- 
strate dramatically the loss of volume of the 
irradiated lung. The right upper lobe artery 
is small and distorted, ending close to the 
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hilum (Fig. ro and 11). The over-all size 
of the segmental and subsegmental arteries 
is markedly reduced, and the lobular 
arteries are proportionally reduced 1n size. 
In some areas, the lobular arteries are not 
visualized. The failure to demonstrate 


these vessels might be related to their size 
and the limitations of resolution, The ter- 
minal arteries and arterioles were not visu- 
alized. 

The pathologic specimen of the lungs 








Fic. 2. (4) Chest roentgenogram and (8) scan on 
Dog 1 prior to irradiation. 
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showed marked fibrosis and atrophy in 
some areas, particularly in the upper and 
cardiac lobes (Fig. 9). The nonirradiated 
lung and heart shifted to the right to com- 
pensate for the loss of volume. The irra- 
diated lower lobes and intermediate lobes 








k ) Chest roentgenogram and (B) scan on 
Dog 1, 52 days after irradiation, when changes 
hrst became evident. Note the slight shift of the 
heart toward the irradiated side and the indistinct 
right heart border. Although the perfusion ap- 
pears greater in the left lung, a significant change 
has not occurred according to the photometric 
evaluation. 


Blood Flow 










Fic. 4. G7) Chest roentgenogram and (B) scan on 
Dog 1, 76 days after irradiation. The right lung is 
almost totally consolidated and perfusion is some- 


what diminished. 





howed less severe changes in general. One 
dog had a moderate infestation of heart 
worms and another had several heart 
worms. The scans, roentgenograms, and 
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Fic. g. (4) Chest roentgenogram and (B) scan on 
Dog 1, 153 days after irradiation. Much of the 
infiltration has resolved, but a marked loss of 
volume is apparent, The right lung receives only 


20 per cent of the pulmonary blood flow. 





pathologic changes were the same whether 
or not worms were present. The right 
atrial appendage was fibrotic with oblitera- 


tion of the lumen in all 3 animals. The 
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Fro. 6. (4) Chest roentgenogram and (B) scan on 


v. 


remains at about 20 per cent. 


Dog 1, 393 days after irradiation. The perfusion 
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right ventricle showed no change. Micro- 
scopically, the changes consisted of variable 
thickening of the alveolar walls, pleura, and 
vessel walls. In some areas the lu ng archi- 
tecture was essentially preserved, but in 
other adjacent areas almost all normal fea- 
tures were destroyed. Bizarre, enlarged 





















Fic. 8. G7) Chest roentgenogram and (B) scan on 
Dog 2, 393 days after irradiation. Only ta per cent 

& x, 392 I ) dab 
of pulmonary blood flow goes to the right lung. 








alveolar lining cells were prominent. 
Marked thickening of the media and intima 
was apparent in a few pulmonary vessels in 
each animal. The features are those de- 
scribed by previous investigators, ^: 1217.1 


pe^ 








DISCU 





SSIO! 


bic. 7. GJ) Chest roentgenogram and (B) scan on 
Dog 2, 44 davs following irradiation of the right 


lung. The roentgenogram is unchanged, but the blood flow diminishes in irradiated lung tis- 
scan shows a slight reduction in flow on the right. sue, as do other measured functions. The 


In a previous communication, indirect 
techniques showed that the pulmonary 





lic. og. Gross fixed lungs of Dog 2. Note the shrunken 
upper, cardiac, and lower (or diaphragmatic) 


lobes on the right, and the normal left lung. The 
intermediate lobe can be partially visualized be- 
tween the lower lobes. This lobe receives blood 
supply and gas exchange from the right lower lobe 
and in life is situated between the heart and dia- 
phragm. 


‘adiation was delivered over 23 to 27 days 
and the altered function became apparent 
s weeks after the completion of irradiation. 
The present data show a calculated reduc- 
tion in blood Bow in 2 animals by 52 days 
and a reduction in all animals by tog days 
following a § day course of irradiation, The 


lung scan technique is a more direct and 


easily performed study and 1s not in- 
Buenced by many factors that affect the 


as exchange techniques. 

The estimation of the distribution of pul- 
monarv blood flow by scanning has been 
shown to correlate well with the estimated 
distribution of flow if, 


FS 


by the classical dit- 
ferential spirometric technique.’ The pho- 
tometric measurement of the distribution 
of the isotope in the lung adds an obj ective 
evi d to what is apparent on viewing 
the scan. The usual doses of MAA have not 
had measurable effect on lung function. 
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FIG. 10. MOLD arteriogram of the right lung in 
Dog 1, 400 days after irradiation. The vessels are 
smaller Un normal and somewhat irregular. 
Vew lobular arteries can be visualized. The upper 
lobe arterv can be seen twisted caudad, with its 
origin near the tip of the catheter. 


The chest roentgenogram is as sensitive 
às a scan in detecting the onset of radia- 
tion pneumonitis in this small series. The 
scan showed no improvement, M ds 





Pulmonary arteriogram of the left lung in 
Dog 1, 400 days after irradiation of the right lung. 
These vessels appear normal except for some dìs- 
placement accompanying the loss of volume on 
the right. 


bic. 
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the pneumonitis cleared, leaving primarily 
a loss of volume roentgenographically. 

Pulmonary hypertension secondary to 
radiation injury has not been reported 
frequently. Freid and Goldberg‘ and later 
Stone ef al® noted right ventricle hyper- 
trophy or right heart failure in patients 
with severe pulmonary reactions. Our 
own clinical studies showed no evidence of 
pulmonary hypertension.^9 Sweany e al." 
were not able to demonstrate pulmonary 
hypertension in dogs until at least 6 months 
following total thoracic irradiation. 

The mechanism by which pulmonary 
blood flow is reduced in the irradiated lung 
has not been entirely elucidated. It is 
known that local vasoconstriction affects 
a reduction in flow in response to anoxia 
in the lung.? This is probably part of the 
cause of reduced flow in consolidated or 
atelectatic lung, although other factors 
such as interstitial or alveolar pressures 
may be involved. These same factors may 
play a role in the irradiated lung, but cer- 
tain anatomic changes have been noted 
which undoubtedly are important. 

Warren and Gates"? reported that patho- 
logically some pulmonary arteries showed 
endothelial swelling and vacuolation fol- 
lowing irradiation in animals and man. 
Edema was often marked as well as hvaline 
swelling of both veins and arteries. Cap- 
illary changes were minimal. A recent 
pathologic study of human material also 
emphasized fibrous thickening of the in- 
tima, growth of elastic fibers in the media, 
and proliferation of connective tissue in 
the adventitia of vessels.? Using the elec- 
tron microscope, Phillips? studied the 
irradiated lungs of rats from 1 hour to 12 
months after delivering 2,000 r to one 
hemithorax. The capillary endothelium 
was sloughed and the endothelial space 
was replaced by collagen and mast cell 
infiltrates. Some of the capillaries were 
recanalized and a functional vessel reap- 
peared. Changes were seen infrequently in 
the capillaries before 2 months. 

Pulmonary arteriograms show the major 
pulmonary arteries to be patent in the 
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irradiated lungs of the present study, al- 
though the caliber was reduced. In 1 dog, 
the lobular arteries are strikingly absent 
in some areas, but this may be due at 
least in part to deficiencies in resolution. 
Anatomic changes are noted in vessels on 
microscopic examination, but these altera- 
tions are not consistent. 

Many factors may contribute to the 
diminished perfusion of the radiation 
damaged lung. Vasoconstriction may play 
a role during the pneumonitis stage. Nar- 
rowing or obliteration of arteries, veins, 
and capillaries must be important later in 
the sequence. The atelectasis, atrophy, and 
destruction of architecture noted in some 
areas obviously affect perfusion. 


SUMMARY 


Pulmonary blood flow to the irradiated 
lung in dogs was studied by the lung scan 
technique. 

The flow was markedly reduced by 52 to 
109 days following 3,000 r to one lung over 
5 days. Perfusion of the irradiated lung 
decreased as the pneumonitis stage became 
apparent on chest roentgenograms, and 
there was no significant improvement in 
flow as the pneumonitis cleared, leaving the 
late fibrotic stage. 

Mechanisms by which the pulmonary 
blood flow may be reduced are discussed. 
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HODGKIN'S DISEASE: THE NEGATIVE LYMPHOGRAM 
IN GUIDING RADIOTHERAPY* . 


By RALPH E. JOHNSON, M.D., and PETER L. COOK, M.B., D.M.R.D. 


BETHESDA, MARYLAND 


HE radiotherapy of Hodgkin's disease 
has progressively evolved into an in- 


creasingly rational and systematic form of 


treatment, Àn understanding of the inverse 


relationship between the probability of 


local recurrence and the absorbed radiation 
dose has clarified the need to d 
irradiate x d foci. 3$,6.11,16,17 EOE P 


ERR to i dues local recurrences to a ys 
rate. Another important factor is an aware- 
ness that, in many patients, the anatomic 
spread of Hodgkin's disease is fairly pre- 
dictable..^ The appreciation of this bio- 
logic pattern led Peters? to investigate the 
so-called prophvlactic (termed elective in 
this paper) irradiation of groups of lymph 
nodes contiguous to the clinically involved 
areas. This concept is currently being 
examined prospectively in a number of 
institutions and a preliminary report has 
recently suggested that the elective irradia- 
tion of clinically normal but adjacent 
lymph nodes increases the likelihood of pa- 
tients remaining free of disease following 
treatment.’ This understanding of the be- 
havior of Hodgkin’s disease and recogni- 
tion of the need for irradiation with fairly 
intensive doses provides a reasonable 
prospect for achieving substantial cure 
rates In patients with localized disease. 

A major contribution to the diagnostic 
evaluation of the patient with Hodgkin's 
disease has been the bilateral lower ex- 
tremity lymphogram. The demonstration 
of otherwise occult retroperitoneal lymph 
node involvement is facilitated and staging 
of the disease 1s thereby made more ac- 
curate. Considerable attention has been 
devoted to this role of lymphography in 
the recent literature. 10151? In every pub- 


lished series, there is a small group of pa- 
tients in whom the lymphographic ap- 
pearance of lymph nodes is suspicious but 
not diagnostic. This is often because of 
incomplete opacification and in such cases, 
inferior venacavography and intravenous 
pyelography may be of value in reducing 
the number of indecisive evaluations. 

While false positive diagnoses are rare, 
talse negatives occur more frequently since 
it cannot be anticipated that lymph- 
ography will detect microscopic foci of 
disease. In a few patients, even the retro- 
spective review of well opacified and visu- 
alized lymph nodes, subsequently shown 
to be diseased, fails to reveal any abnor- 
mality. This latter group not only demon- 
strates the importance of follow-up studies 
but raises the question of treatment policy 
in patients with negative examinations. 
The value of follow-up lymphograms after 
completion of therapy in patients with 
lymphographic evidence of retroperitoneal 
lymph node involvement is universally 
recognized. ?:?/ 5:9? The response to therapy 
mav be seen directlv and assessed more 
accurately than by abdominal palpation or 
by comparison with contiguous superficial 
lymph node groups. This is particularly 
true when chemotherapeutic agents are 
used because responses of adjacent groups 
can differ markedly. In addition, recur- 
rence of disease may be detected at an 
early stage. 

The value of post-ly mphography roent- 
genograms in patients with no clinical or 
roentgenographic evidence of lymph node 
involvement below the diaphragm has not 
been so stressed. The failure to appreciate 

that Iymphography is only of relative ac- 
curacy may lull the clinician into a false 
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sense of security when the opacified 
lymph nodes are interpreted as normal. 
This may result in a tendency to dismiss 
the potential benefit of electively irra- 
diating the infradiaphragmatic lymph 
nodes. In this communication, a series of 
patients with negative diagnostic evalua- 
tions for paraaortic and pelvic lymph node 
involvement will be described. Several of 
these patients have developed active Hodg- 
kin's disease in these sites shortly after re- 
ceiving radiotherapy to the clinically in- 
volved regions above the diaphragm with 
apparent control of disease in the latter 
areas. 


CLINICAL MATERTAL AND 
OBSERVATIONS 


Between September, 1964, and Septem- 
ber, 1966, 60 patients with previously un- 
treated Hodgkin's disease were admitted 
for evaluation and treatment. The stan- 
dard diagnostic workup 1s described in 
Table 1. In 35 of these patients, the disease 
was clinically limited to the supradia- 
phragmatic (cervical, axillary, mediastinal, 
and hilar) lymph nodes with no evidence 
of systemic or visceral involvement. In 
each of these 35 patients, physical exami- 
nation of the abdomen and groins, inferior 
venacavography, intravenous pyelography, 
and bilateral lower extremity lymphog- 
raphy were considered within normal 
limits. As shown in Table rr, 11 patients 


TABLE I 


PRETREATMENT DIAGNOSTIC EVALUATION 


1. Complete history and physical examination 

2. Complete blood cell count and urinalysis 

3. Posteroanterior and lateral chest roentgenograms 
(including whole chest tomograms if hilar or mas- 
sive mediastinal lymph node involvement is pres- 
ent) 

4. Inferior venacavography and intravenous pyelog- 

raphy 

. Bilateral lower extremity lymphography 

. Metastatic bone survey 

7. Blood urea nitrogen and liver function tests (in- 
cluding liver biopsy if 2 liver function tests are 
reproducibly abnormal) 

8. Bone marrow biopsy 
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TREATMENT SCHEMES FOR THE 35 PATIENTS WITH 
DISEASE CLINICALLY LIMITED TO LYMPH 
NODES ABOVE THE DIAPHRAGM 








Areas Irradiated 
Recurrences 
No. of Above Below 
Patients Dia- Para- Pelvic |Diaphragm 


aortic 





[] Indicates areas where recurrent disease developed. 

* Recurrence in an electively irradiated area (2,000 rads/15 
days). 

Note: One additional patient in the series of 35 has developed 
biopsy proven Hodgkin’s disease in the pelvic lymph nodes which 
had been electively irradiated with 2,000 r in 12 daya since this pa- 
per was submitted. As in the other cases, the initially involved 
sites above the diaphragm were clinically free of disease at the 
time of recurrence. 


received elective irradiation to the para- 
aortic lymph nodes and 17 patients were 
electively irradiated to the paraaortic and 
pelvic lymph nodes. The spleen was also 
treated in these latter 17 patients. The 
interval since beginning of treatment 
ranges from 6 to 30 months. Follow-up 
roentgenograms were taken routinely at 
approximately 3 month intervals or more 
frequently if there was any clinical evi- 
dence of disease activity. In addition to 
posteroanterior and lateral chest roentgen- 
ograms, a single anteroposterior roentgen- 
ogram of the abdomen was obtained. The 
position of the patient, centering, film 
density, and penetration were reproduced 
as accurately as possible on successive 
studies. 

To the present time, 4 patients have de- 
veloped definite evidence of active disease 
in the paraaortic or iliac lymph nodes. In 
each of these 4 patients, definite radio- 
therapy had been given to the involved 
regions above the diaphragm with apparent 
control of the disease in these sites. The 4 
cases are briefly summarized as follows. 


REPORT OF CASES 


CASE t. This 23 year old white male presented 
with fever, cervical and mediastinal lymph- 
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adenopathy. Diagnostic evaluation for Hodg- 
kin's disease below the diaphragm was negative 
and radiotherapy was begun to the cervical, 
axillary, and mediastinal regions. Four months 
following completion of treatment, a scout 
Ivmphogram of the abdomen demonstrated an 
increase in size with foamy appearance of the 
upper paraaortic lymph nodes and displace- 
ment of the lymph nodes away from the mid- 
line (Fig. 1, 4 and B). There was no evidence 
of recurrent disease above the diaphragm at 
this time. 


Case tr. This 30 year old white male pre- 
sented with fever, night sweats, and cervical 
and mediastinal lymphadenopathy, Diagnostic 
evaluation for disease below the diaphragm 
was negative and radiotherapy was given to the 
cervical, axillary, mediastinal, and paraaortic 
regions (the axillary and paraaortic lymph 
nodes were electively irradiated). At completion 
of treatment, the patient was asymptomatic. 


Hodgkin’s Disease: Negative Lymphogram 
C e 


TE 


Nine months later, he developed recurrent 
fever and bilateral iliac lymphadenopathy was 
palpable. There was no evidence of recurrent 
disease above the diaphragm at this time and 
insufficient contrast material remained in the 
pelvic lymph nodes from prior lymphography 
tor roentgenographic evaluation. 


Case ut. This 43 year old white female pre- 
sented with night sweats, generalized pruritus, 
and cervical and mediastinal lymphadenopathy. 
Diagnostic evaluation for disease below the 
diaphragm was negative except for a single 
suspicious (but not diagnostic) right paraaortic 
lymph node. Because of this equivocal lymph 
node, definitive high dose radiotherapy was 
given to the paraaortic lymph nodes in addi- 
tion to the cervical and mediastinal lymph 
nodes, The axillary areas were electively irra- 
diated and the pelvic lymph nodes, completely 
normal on lymphography, were also electively 





Fic. 1. Case 1. (4) Normal left paraaortic lymph nodes after lymphography in July, 1964. (B) Same region 7 
months later showing enlargement and displacement of the lymph nodes. 
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Fic. 2. Case ni. Normal appearance of lymph nodes 
along left iliac brim immediately after lymphog- 
raphy and a few days before a positive biopsy for 
Hodgkin's disease was obtained from this group. 


irradiated (2,000 rads given in 15 days). Three 
months after comp sletion of tre 2atment, she was 
readmitted with fever, nausea, and we zieht loss. 
There was no evidence of recurrent disease 
above the diaphragm. A repeat lymphogram 
was obtained and interpreted as normal. An 
exploratory laparotomy was performed and 1n- 
volvement of the liver with Hodgkin’s disease 


was found. No abnormal paraaortic lymph 


nodes were visualized at operation but a slightly 
enlarged left common iliac lymph node was 
biopsied, Histologic examination of this lymph 
node showed Hodgkin’ s disease, Review of the 
second lymphogram obtained several days 
prior to laparotomy again failed to indicate 
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which lymph node might have been considered 
suspicious (Fig, 2). 

Case iv. This 17 year old white male pre- 
sented with left cervical lymphadenopathy and 
absence of any constitutional symptoms, Diag- 
nostic evaluation for Hodgkin’s disease below 
the diaphragm was negative except for the 
Ivmphogram. The original lymphograms were 
interpreted as equivocal in the right iliac 
region, Tomograms of these iliac lymph nodes 
were felt to be normal. Likewise, scout roent- 
genograms of the abdomen taken 3 and 6 weeks 
later confirmed the normal appearance of the 
right iliac lymph nodes, Over à 3 month period, 
irradiation was given to the cervical, axillary, 
mediastinal, and paraaortic regions. At the 
time this treatment was completed, a roent- 
genogram of the abdomen showed the right 
iliac lymph nodes to have increased measurably 
in size and developed a reticular pattern 


An additional patient of interest was be- 
gun on radiotherapy during the period of 
this review, in whom lymphography per- 
formed nevus resulted in sufficient 
contrast material retention to demonstrate 
the development of retroperitoneal disease 
on a follow-up roentgenogram of the abdo- 
men 3 years later. The history is sum- 
marized as follows. 


Case v. This 66 vear old white female was 





hic. 3. Case 1v. 7) View of pelvis immediately after 
lymphography showing iliac lymph nodes reported 
as suggestive of lymphomatous involvement. (B) 
Same region 3 weeks later showing some reduction 
i size and a normal lymph node pattern. No 
treatment had been given and this change was 
considered evidence that the original appearance 
was normal. (C) Same region atter a further in. 
terval of g weeks showing enlargement of the 
Ivmph nodes and a reticular pattern. 
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tremity Ivmphogram showed no definite ab- 
normality of the retroperitoneal lymph nodes 
although there was a suggestion of some spread- 
ing of the reticulum. A follow-up lymphogram 
at 3 months was considered to be normal 
(Vig. 4/7). No treatment was given, since at the 
time of this admission there was no significant 
palpable lymphadenopathv and the biopsy 
was nondiagnostic. She was next seen 3 years 
later, when she presented with generalized 
palpable lymphadenopathy and anorexia with 
some weight loss. A repeat lymph node biopsy 
was unequivocally interpreted as Hodgkin's 
disease at this time. A roentgenogram of the 
abdomen showed the lymph nodes with re- 
tained contrast medium from 3 vears before to 
have expanded and developed a typical lymph- 
omatous appearance in the paraaortic and 
pelvic areas (Fig. 4B). This was confirmed by 
inferior venacavography (Fig. 4C), pyelography 
and repeat lvmphography (Fig. 4D). 


DISCUSSION 


As reported by others, we have found 
lvmphography extremely useful in the 
more adequate evaluation and staging of 
the patients prior to therapy. A further 
advantage, particularly when extensive 
lymph node involvement is present, is the 
aid afforded by the opacified lymph nodes 
in delineating the required dimensions of 
the radiation treatment portals. However, 
when patients with supradiaphragmatic 
Hodgkin’s disease have apparently normal 
retroperitoneal lymph nodes as shown by 
lymphography, there may be difficulty in 
deciding treatment policy. Cases 1, 11, and 
nr illustrate the false impression which 
may be created by the normal lower ex- 
tremity lymphogram. In these 3 patients, 
it must be assumed that the retroperitoneal 
lymph nodes were diseased when the 
lymphogram failed to show any abnor- 
malty; and it is possible that with con- 
tinued follow-up of the group, additional 
such examples will occur. Active disease 
developed not only in roentgenographically 
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normal lymph nodes left untreated but, in 
one instance, In an area irradiated with less 


currences under the latter conditions will 
constitute a strong argument for em ploying 
full tumoricidal doses for the elective irra- 
diation of potentially involved lymph node 
groups. 

The value of follow-up lymphograms is 
illustrated by Cases 1, 1v, and v. A repeat 
lymphogram in Case iv probably would 
not have been regarded as diagnostic in 
itself. Subtle changes are sometimes more 
easily appreciated in the slightly eluted 
contrast medium of an earlier examination 
than in the denser, and inevitably more 
homogeneous, lymph nodes immediately 
after a second lymphogram. Likewise, the 
change in lymph node size as in Case 1v 
may be more significant than either the 
appearance or absolute measurements at 
any given time. These are further indica- 
tions of the limitations of an apparently 
normal lymphogram. Case v illustrates 
that, in a few patients, very prolonged 
follow-up may be possible. The interval 
here of over 3 years is the longest vet re- 
corded to our knowledge. 

As indicated, serial roentgenograms of 
the abdomen mav be critical in the detec- 
tion of disease extension at a sufficiently 
early stage to permit control with defini- 
tive radiotherapy. When equivocal changes 
are observed on a follow-up roentgenogram 
we frequently obtain subsequent roentgen- 
ograms at weekly intervals until a definite 
conclusion is reached. Unfortunately, the 
rapid elution of contrast material from the 
lymph nodes in some patients may not 
allow such serial evaluation for more than 
a few months. The reasons for the variation 
in the rate of loss of contrast material from 
opacified lymph nodes are not understood, 
but loss of contrast material proceeds 
rapidly at first. We agree with Fabian 
et al? that after an initial slight increase in 
size immediately following lymphography, 
there is a progressive and fairly symmetric 
disappearance of contrast material with 
the lymph nodes becoming granular and 
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after lymphography in June, 1962. (B 





Fic. 4. Case v. (4) Normal paraaortic lymph node 
months later showing enlargement of the lymph nodes on the left. (C) Local view of the 
gram demonstrating a mass of right paraaortic lymph nodes. (D) A second Iymphogr: 
confirming the extensive lymphomatous involvement. 
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gradually smaller in all dimensions. Reten- 
tion of contrast material in larger lymph 
nodes, and particularly of extralymphatic 
droplets, tends to be more prolonged. 

Because of elution, the reward from suc- 
cessive follow-up roentgenograms declines 
but this 1s difficult to express effectively in 
percentages. No patient retained sufficient 
contrast material for all the lymph node 
groups to be evaluative for 2 vears and in 
most patients, loss of opacification in some 
lymph nodes occurred within 5-12 months. 
If adequate retention of contrast material 
is defined as that amount permitting some 
type of useful comparison of successive 
roentgenograms, then nearly all of the pa. 
tients 1n. this series fall within the defini- 
tion, even those followed 2 vears. One 
should not expect enough contrast mate- 
rial to be retained to necessarily permit the 
demonstration of typical lymphomatous 
appearance when change occurs. Follow-up 
roentgenograms continue to be useful if 
the retained opacification shows an in- 
crease in lymph node diameter or displace- 
ment of opacified lymph nodes by a con- 
tiguous, nonopacified structure. A few 
residual flecks of contrast material, stra- 
tegically placed, may be diagnostic. For 
this reason, it may be worthwhile to con- 
tinue obtaining follow-up roentgenograms 
for prolonged periods in most patients. 

When the frequent situation is en- 
countered, where Hodgkin's disease is ap- 
parently confined to regions above the 
diaphragm and evaluation of the retro- 
peritoneal lymph nodes is negative, several 
options are available regarding treatment 
policy. Irradiation of the clinically normal 
subdiaphragmatic areas may be withheld 
with reliance placed on serial follow-up 
studies to demonstrate abnormal changes 
in the lymphogram. As illustrated by 
Cases 11 and nr, this may have certain 
inherent shortcomings. Consideration may 
also be given to the use of serial lympho- 
grams during the follow-up period or to 
repetition of lymphography when signs or 
symptoms of reactive Hodgkin's disease 
develop. 
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An alternative approach is the elective 
irradiation. of the paraaortic and pelvic 
lymph nodes as part of*the primary 
therapy. The rationale for this is similar to 
the widely accepted use of elective lymph 
node dissections for 4 variety of neoplasms 
by our surgical colleagues. While it is 
probable that extended elective irradiation 
is unnecessary for many patients with dis- 
ease limited to one side of the diaphragm, 
such treatment has been found well 
tolerated by patients with more advanced 
Hodgkin's disease.’ The value of electively 
irradiating all major lymph node areas in 
patients with limited clinical involvement 
can only be determined by a prospective 
study emploving suitable (less extensively 
irradiated) controls, Such a clinical trial is 
currently in progress at our institution. 


SUMMARY 


Recent experience with patients having 
Hodgkin's disease and involvement clini- 
cally limited to lymph nodes above the 
diaphragm is presented. These patients 
had complete diagnostic evaluations in- 
cluding bilateral lower extremity lymph- 
ography which was interpreted as normal. 
Several cases are described to illustrate 
that some of these patients can be expected 
to develop active disease in the retroperi- 
toneal lymph nodes and that follow-up 
roentgenograms of the opacified lymph 
nodes may not suffice for the detection of 
this disease progression. 

The problem of treatment policy for 
these patients 1s discussed. 


Ralph E. Johnson, M.D. 
National Cancer Institute 
Bethesda, Maryland 20014 
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T HAS been known for manv vears that 

the thoracic duct and other major lymph 
trunks empty large quantities of lympho- 
cytes into the blood each day. In man, 35 
billion lymphocytes enter the blood daily 
from the thoracic duct providing a turn- 
over for the blood lymphocytes of several 
times each day.'! The 
these blood lymphocytes has been a mvs- 
tery. Gowans? in 1959 proposed a solution 
to this mystery, suggesting that most of the 
blood ly mphocy tes recirculate into lymph 
via the lymph nodes and that the lympho- 
cytes repeatedly traverse this circuit during 
their lifetime. His suggestion was based on 


the following evidence: (1) The output of 


lymphocytes from a thoracic duct fistula 
can only be maintained at its initial level 
if all the lymphocytes issuing from the 
fistula are pumped continuously back into 
the blood; (2) 1f Iymphocytes are not re- 
infused into the blood, the output of cells 
from the thoracic duct falls to a low level; 
(3) when P? or tritiated adenosine labeled 
lymphocytes are transfused into the blood, 
a large fraction of their radioactivity can 
be recovered from the cells in the thoracic 
duct lymph (90-100 per cent recovery in 4 
days): and (4) the number of new small 
ly mphocytes formed each day in the rat 
amounts to only a small fraction of the 
normal daily output from the thoracic 
duct. 

In 1964, Gowans and Knight! and Mar- 
ches! and Gowans, utilizing tritium label- 
ing techniques and electron microscopy, 
demonstrated the passage of lymphocytes 
from the blood through the specialized 
postcapillary venule of the lymph node. 


* Presented at the Fortv-ninth Annual Meeting of the American Radium Society, 


origin and fate of 


This demonstration identified. one of the 
crucial pathways in the circulation of lym- 
phocvtes. 

It is now well established that there is a 
large-scale circulation of the ly mphocy tes, 
which Y offey* has dubbed the fourth circu- 
lation, likening it to that of blood, lymph, 
and cerebrospinal fluid. The lymphocytes 
enter the blood from the main lymphatic 
trunks, pass to the lymph nodes via the 
specialized postcapillary venules and re- 
enter the lymph sinuses in the nodes. The 
specialized postcapillary venules are found 
exclusively in lymphocytic tissues; e.g. 
Ivmph nodes, tonsils, spleen, and Peyer’s 
patches. Schulze’ described their unique 
features which consist of an unusually tall 
or cuboidal endotheltum and the presence 
of lymphocytes within the walls of the 
vessel. 

Ve have studied the microcirculation of 
the lymph node by the technique of micro- 
radiography, complemented by histology. 
This report deals with one aspect of that 
study, the position of the postcapillary 
venule in the microcirculation of the lymph 
node. The significance of the fourth circula- 
tion to oncology will also be discussed. 


MATERIAL AND METHOD 


To visualize the pattern of the blood 
circulation in adequate detail and vet in a 
sufficient thickness of tissue, microradiog- 
raphy was used. The first step, therefore, 
has been to perfuse the vascular system 
with radiopaque media. 

An apparently healthy, 7 kg. female 
mongrel dog was anesthetized with intra- 
venous pentothal. Two PE 240 catheters 
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fic. 1. Diagram of alternate sections of lymph node. 
A, B, C —« 8o micron sections for microradiography. 
a’, b', c/ 8 micron sections for histology. 


were passed via the femoral arteries to the 
level of the abdominal aorta. Two similar 
catheters were passed into the inferior vena 
cava via the femoral veins. 

After the intravenous administration of 
50 mg. heparin, 30 per cent colloidal barium 
sulfate, wt./vol. (micropaque), was injected 
via the femoral arteries. The venous return 
became slightly milky white almost im- 
mediately. Perfusion pressure was 140 mm. 
Hg. Two liters of perfusate was injected at 
which time the venous return ceased. 

The organs were removed post mortem 
and fixed in 10 per cent formalin. The 
lymph nodes were then dehydrated, cleared, 
and embedded in paraffin wax. The right 


Tage Í 


SERIAL SECTIONS: ALTERNATE HISTOLOGY SECTIONS 
8 MICRONS EACH AND MICRORADIOGRAPHY 
SECTIONS 80 MICRONS EACH 


infe rM pepper rr Been rem e m e e meme mnes MASAA. S e d ah eren 


Waste after Waste after 


Serial Section Histology Microradiog- 
No. Section raphy Section 
(microns) (microns) 
i 40 28 
2 38 48 
3 30 16 
4 36 2 
5 56 2 
6 38 8 
7 34 48 
8 28 2 
9 20 18 
1o 26 8 
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and left popliteal node and cervical node 
were chosen for study, using alternate 
serial sections (Fig. 1). The amount of 
material wasted between each section is 
shown in Table r. The 80 micron sections 
were used for microradiography, and the 
8 micron sections were stained with 
hematoxylin and eosin for standard histo- 
logic studies. 

Microradiography was done with a 
Picker "Hot.Shot" portable x-ray unit 
with a beryllium window. Sections were 
placed in contact with Kodak high-resolu- 
tion glass plates. The factors used were: 12 
kv., Io ma., 8 minutes, 15 cm. film-to-target 
distance. 

The final step was to take Polaroid 
pictures of the microradiographs and of the 
histology slides. PolaPan Type 52 films 
were used in astandard Polaroid camera at- 
tachment to our microscope. 

Examples of the pictures are seen in 
Figure 2 (histology) and Figure 3 (micro- 
radiography). 


RESULTS 


The vessels were adequately filled both 
on the microradiographs and on the 
histology slides; there was no evidence of 
extravasation of the contrast medium. 
From the photographs of both sets of sec- 
tions the course of the major arterial and 
venous vessels was traced; however, the 





lic. 2. Cross section of dog popliteal lymph node. 
(H & E x21, 84.) COR «cortex; MED = medulla; 
A=region where medulla extends almost to cap- 
sule. 
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hic. 3. Microradiograph of cross section adjacent to 


ligure 2. (X21, Sou.) COR cortex; MED = 
medulla; CCP —cortical capillary plexus; MCP 
=medullary cord capillary plexus (extending 
to the capsule); REGION OF PCV = region of 
postcapillary venules. 


filling of the major veins was incomplete, 
due to a technical defect. The position of 
major vessels in both types of preparations 
was correlated by identifying the vessel 
histologically and then locating on the cor- 
responding microradiograph a similar vessel 
in the same position and of a similar diam- 
eter. 

From a review of the serial sections, an 
over-all pattern of vessel distribution was 
observed. The cortical blood supply con- 
sists of a few small arteries with numerous 
capillary vessels and a series of cortico- 
medullary veins. The medulla is supplied 
by a few arteries, has numerous capillaries 





Fic. 4. Histologic section demonstrating a post- 
capillary venule (PCV) filled with contrast me- 
dium. (H&E X boo, 8u.) 


hic. 5. Posteapillary venule (PCV) in cortex. Note 
cuboidal-hke endothelium. (H & E X 600, 8w) 


intertwined as a plexus in the medullary 
cords, and is drained by multiple, wide 
veins (Fig. 3). 

The postcapillary venules were identified 
on the histologic sections on the basis of: 
(a) their position in the subcortex and at 
the corticomedullary junction; (b) the 
prominent cuboidal epithelium; and (c) 
the presence of lymphocytes within. the 


wall of several of these vessels (Fig. 4-8). 
The postcapillary venules were seen to be 


well filled with contrast medium (Fig. 4-8). 
The corresponding areas of the microra- 
diographs were photographed to identify 
these postcapillarv vessels (Fig. 9; and 10). 

The posteapillary venules were more 
dificult to locate on the  microradio- 
graphs; but on the basis of corticomedul- 
lary location in the specimen and the rela- 


¥ 
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venule 


in. subcortical 
region. (H & E X400, 8g.) 


lic. 6 PCV= postcapillary 
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lic. 7. Same vessel as in Figure 6. Lymphocytes 


surround the vessel. CH & E X boo, Run) 
X $ He. 


ton to capillaries, arteries, and veins, the 
vessels could be identifed with a fair de- 
gree of certainty. In the present study, the 
thickness of the microradiographic sections 
plus the thickness of waste material be. 
tween the sections did not allow exact 
identification of the vessels in the corre- 
sponding histologic sections. However, the 
alternate sections did correlate sufficiently 
to demonstrate that the postcapillary 
venules were not in direct contact with 
germinal centers, medullary cords, or the 
reticulated medullary capillary plexus. 
The postcapillary venules were shown, 
on the microradiographs, to pass radially 
from the site of confluence of the cortical 
capillaries to the large veins at the cortico- 
medullary junction. These large veins were 





Fic. 8. PCV = postcapillary venule; L=lymphocvte 
in endothelial wall. (H & E xX6oo, Bu.) 
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hic. 9g. Microradiograph of corticomedullary jun: 
tion of lymph node. PCV - postcapillary venul 
.- capillary; V vein. (X100, Sop.) 


arranged, in a section of the lv mph nod: 
in an elliptic pattern at the corticomedu 
lary junction. The postcapillary venule 
traverse the cortex in a direction from th 
surface into the depths to join these drair 
ing veins. 

lhere were several observations note 
concerning the capillary vessels. In Figur 
3, the submarginal and dense cortic; 
lymphatic tissue capillary plexuses are see 
to consist of relatively straight vessel: 
while the capillary plexus of the medullar 
cords consists of more intertwined, les 
linear vessels. Figure 11 is a microradic 
graph of the medullary capillary plexu: 
which gives a honeyvcombed appearance 
At higher magnification (Fig. 12) the plexu 
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V vein. (X 100, 80g.) 
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lic. 11. Microradiograph of medullary region of 
lymph node. The honeycombed capillary plexus 
network is situated in the medullary cords. (X 34 
Sou.) See Figures 12, 13 and 14. 


> 


is seen to consist of very fine, extremely in- 
tertwined vessels of capillary dimensions. 
The clear spaces surrounded by this plexus 
of vessels are found to correspond to the 
lymph sinuses when their position is cor- 
related with adjacent histology sections 
(Fig. 13; and 14). 

There is a paucity of obvious connec- 
tions between the cortical and medullary 
vasculature, and less small vessel supply to 
the germinal centers than to the remainder 
of the cortical lymphatic tissue or medul- 
lary cords. 


DISCUSSION 


The electron 





Vic. 12. Microradiograph of medullary region with 
greater magnification. The fine vessels are capil- 
lartes. The intervening dark spaces are occupied 
by the medullary lymph sinuses. (X 100, 80u.) 
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hic. 13. Histologic section of medullary region of 
lymph node. Section is adjacent to that of micro- 
radiographs. of Figures 11 and 12. Medullary 
cords consist of capillaries filled. with contrast 
medium surrounded by packs of lymphocytes. 
The clear channels containing loose cells are the 
lymph sinuses. (H & E X 100, 80.) 


Marchesi and Gowans? demonstrate the 
unique morphology of the posteapillary 
venule as well as its role in the fourth circu. 
lation (Fig. 15; and 16). 

Figure 15 1s an electron. photomicro- 
graph (magnification X6,000) of a post- 
capillary venule in a rat lymph node, 
showing the cuboidal endothelial cells pro- 
jecting into the lumen and lymphocytes 





Fic. 14. Histologic section of medullary region with 
higher magnification. C=capillaries (filled with 
perfused contrast medium); LS=lymph sinuses. 
The endothelial cells of these capillaries are tvp- 
ically Hat and should be contrasted to the cuboidal 
endothelium of the postcapillary venules (Fig. 
478). The lymphocytes are a cushion between the 
lymph sinuses and capillaries, (H & E X400, 8u.) 





lig. 1g. An electron microscope view of à post- 
capillary venule, The endothelial cells are tall and 
project well into the lumen. Lymphocytes are in 
the endothelial cell cytoplasm; others are situated 
about the basement membrane. (From Marchesi 
and Gowans.) En- endothelial cell nucleus; L= 
lymphocyte nucleus; R red. blood cells (Mag. 
x 6,000). | 


within the endothelial cell cytoplasm and 
near the basement membrane of the vessel. 
Note the pseudopod lvmphocyte at the 
lower left, presumably passing from blood 


vessel to cortex of lymph node. Other 


lymphocytes appear to bein various phases 
of migration through the postcapillary 
venule. Figure 16 shows the migration 
diagrammatically and compares a lym- 
phocy te migrating directly fhrough the 
endothelial cell with a polymorphonuclear 
leukocyte migrating between the endo- 
thelial cells of the venule. 

Our microradiographs show that the 
postcapillary venule receives blood exclu. 
sively from the cortex of the lymph node 
and not from the medulla. The medullary 
capillaries are in. close contact with the 
DO sinuses, but the blood from these 
sites does not pass into the postcapillary 
venules. 

BurwelP? carried out vascular studies in 
the rabbit lymph node using India ink as a 
perfusion medium. He found subcapsular 
capillary loops, the apogee of which was in 


close relationship to the marginal sinuses of 


, Benninghoff, Korostoff, Herman and Taca 
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the lymph node. Burwell pointed out that 
contact between the lymph node and pre- 
postcapillary venule blood could fit in with 
other evidence that antigens carried to the 
node by lymph might attract sensitized 
lymphocytes into the node. Our micro- 
radiographs did not show these subcapsular 
capillary loops, possibly due to the techni- 
cal deficiency of failure to fill completely 
the larger veins. Otherwise, our findings 
are similar to those of Burwell? 

The fourth circulation, that 1s, the cir- 
culation of lymphocytes, has implications 
in the pathology of neoplasms, particu- 
larly chronic lymphatic leukemia. It is dif- 
ficult to imagine how chronic lymphatic 
leukemia could manifest itself in any form 
other than that of dissemination into all of 
the lymphocytic tissues, even if it began 
as a localized process. Assuming an active 
circulation of chronic lymphatic leukemia 
cells, local irradiation to an enlarged spleen 
ought to reduce the entire leukemic cell 
population, resulting in regression not only 
of splenomegaly but of ly mphadenop: ithy 
as well. This abscopal effect is often ob- 
served. 

Radiation effects on normal lymphocytic 
tissues ought to be influenced by the fourth 
circulation. Cell depletion measurements? 
of lymph nodes after equal doses of local 
versus whole body irradiation ought to show 
less ud in the locally irradiated 
lymph node because of repopulation by 
migrating lymphocytes. 


SUMMARY AND CONCLUSIONS 


1. The fourth circulation is that of the 
lymphocytes, which circulate from lymph 
to blood to lymph node and back to lymph. 
The specialized postcapillary venule is the 
pathway from the blood to the lymph node 
in this circuit. 

2. Microradiography is a useful method 
to show the position of the postcapillary 
venule in the microcirculation of the lymph 
node. Posteapillary venules apparently 
drain blood from the cortex of the lymph 
node, but not from the medulla. The corti- 
cal blood vessels are mainly in the dense 
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luc. 16. Diagrams of mode of migration of lymphocytes on left and polymorphonuclear leukocytes on right 
through the endothelial wall of venule. The lymphocyte passes through the endothelial cell, while the 
polymorphonuclear leukocyte passes defween the endothelial cells. (From Marchesi and Gowans.*) 


aggregates of lymphocytes; a compara- 
tively scant blood supply is seen in the 
germinal centers. The significance of these 
anatomic findings depends on physiologic 
studies of lymphocytes and the lymph 
node. 

3. Lymphomas, particularly chronic 
lymphatic leukemia, might very well dis- 
seminate through the lymphocytic tissues 
by entering the fourth circulation. 

4. Radiation effects on normal lympho- 
cytic tissues and lymphomas must be in- 
fluenced by lymphocyte circulation. A 
locally irradiated lymph node ought to be re- 
populated more rapidly than after whole 
body irradiation. Local irradiation of the 
spleen in chronic lymphocytic leukemia 
will reduce the entire circulating lympho- 
cyte population, thereby producing regres- 


sion not only of splenomegaly but of 


lymphadenopathy as well. 


David L. Benninghoff, M.D. 
Department of Radiology 
State University of New York 
Downstate Medical Center 

450 Clarkson Avenue 
Brooklyn, New York 11203 
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SKELETAL SCINTIGRAPHY AS AN AID IN PRACTICAL 
ROENTGENOGRAPHIC DIAGNOSIS*. 


By WALTER T. BESSLER, M.D. 
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OE! 
skeletal diseases often appear late. 
Clinical symptoms precede them by weeks 
or even months. Changes of the macrostruc- 
ture of bone, which can be evaluated on 
roentgenograms, are the result of local or 
generalized alterations of calcium turnover 
of the bone. Earlv information about this 
function can be obtained by examination 
with radioisotopes.! As skeletal scintig- 
raphy provides an image of the anatomo- 
topographic distribution and extension of 
pathologic bone processes, this procedure is 
of special interest to the radiologist. 

With the purpose of investigating the 
diagnostic value of bone scintigraphy, the 
scintigrams of 200 patients with various 
bone diseases were compared with their 
roentgenograms. The following report will 
summarize some of our observations. 


TECHNIQUE 

The technique of skeletal scintigraphy 
consists of the application of a radioactive 
bone seeker, followed bv external registra- 
tion and measurement of the radioactivity 
in the bones with a conventional scanner. 
As strontium ions are incorporated into the 
bone tissue in the same way as calcium 
ions, most authors use strontium 85; It is 
inexpensive and can be measured bv con- 
ventional scanning devices. The skele- 
tal scintigrams are taken 3 to 7 davs after 
the intravenous injection of ṣo uc of the 
Isotope. 


RESULTS 

Skeletal scintigrams of normal adults 
show a slight amount of radioactivity in 
the vertebral column, in the iliosacral 
region, and in the joints of the extremities, 


* Presented at the “Russell Morgan Day’ 
8, 1967. 
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especially in. the weightbearing hip, knee 
and ankle Joints. Radioactivity visualized 
on scintigraphy in other locations usually 
represents a pathologic condition. 

Figure 1, ,7-C illustrates the roentgeno- 
grams and scintigrams of 3 different pa- 
tients. The scintigraphic images were 
similar. Increased radioactivity of compar- 
able size and intensity was detected in one 
vertebral body. The first patient, a 65 vear 
old man, had trauma to his back 4 weeks 
previously with a fracture of the fourth 
lumbar vertebral body. The second pa- 
tient, a 53 year old man, had an involve- 
ment of the third lumbar vertebra by 
Paget's disease. The first lumbar vertebra 
of the third patient, a 49 vear old woman, 
was eroded bv metastases from a mam- 
mary carcinoma. 

The findings in these 3 patients demon- 
strate the nonspecificity of a positive scinti- 
gram. Different causes can lead to an in- 
crease of the calcium accretion rate, and 
create a condition in which radioactivity 
is accumulated and visualized by scintig- 
raphy. The differential diagnosis of a skele- 

tal lesion can be made only by roentgenog- 
raphy. However, scintigraphy, which pro- 
vides quantitative information, determined 
by the count rates, gives an indication of 
the activity of a pathologic bone process. 

A 58 year old man had a bicycle accident 
2 weeks before the examination and com- 
plained of backache. Roentgenologically, 
a wedge deformitv of the second lumbar 
vertebral body with indentation of the 
superior vertebral ae was observed 
(Fig. 2, Æ and B). The negative scinti. 
graphic findings prove that no reactive 
bone formation was present. The fracture, 
therefore, was old and healed. This de. 
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c findings caused by 3 different pathologic lesions. (7) Fracture of the fourth 


Pic. 1. Similar scintigraphi g 
lumbar vertebra in a 6z year old man. (B) Paget's disease of the third lumbar vertebra in 
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£5 year old 
man. (C) Metastasis to the first lumbar vertebra from a primary carcinoma of the breast in a 49 year old 
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a £8 year old man. (B) Scintigraphicallv, no 


Fic. 2. G4) Old healed fracture of the second lumbar vertebra in 
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increase of radioactivitv at the fracture site is demonstrated. 
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formity was unrelated to the recent trauma. 

Scintigraphic experience on patients with 
vertebral fractures indicates that the mea- 
sured uptake of radiostrontium is in direct 
relationship to the activity of the healing 
process. The highest count rates can be 
noted about 1 month after the occurrence 
of the fracture. Later, the activitv slowly 
decreases and reaches a normal value 2 
years or more after the trauma (Fig. 3). 
A permanent slight increase of the count 
rate can be noted when secondary de- 
generative changes develop in the vicinity 
of the fracture site. 

Fractures of the base of the skull, upper 
thoracic spine, sternum and sacrum are 
roentgenographically often difficult to dem- 
onstrate. Skeletal scintigraphv can be of 
help for the detection of these hidden frac- 
tures. 

A 34 vear old man fell from a roof 16 
feet high. Roentgenologically, multiple 
fractures of the ribs and one scapula were 
present. On the scintigram of the thoracic 
region, examination of the eighth and 
ninth right ribs disclosed. circumscribed 
areas of markedly increased radioactivity. 
Unexpectedly a similar radioactive zone 
could be observed in the region of the 
second, third and fourth thoracic verte- 
brae (Fig. 4, 4 and B). The roentgeno- 
graphic examination failed to show an ab- 
normality at this level. The laminagraphic 
examination, however (Fig. 5), confirmed 
the scintigraphic findings demonstrating 
fractures of the respective thoracic verte- 
brae. 

When the healing process of a fracture Is 
complicated by inflammation or by the 
development of pseudoarthrosis, the count 
rates at the fracture site reach abnormally 
high levels, and show no tendency to return 
to normal. 

A $9 year old patient was treated with 
hip arthrodeses combined with intertro- 
chanteric osteotomy for severe degenera- 
tive disease 5 months previously. The 
clinical and roentgenographic findings 
caused one to be suspicious of a pseudo- 
arthrosis at the osteotomy site and of non- 
union of the hip arthrodeses (Fig. 6, 4 and 
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Fic. 3. Comparison between increase of count rates 
and fracture age in 30 vertebral fractures. 


B). Scintigraphy showed a high increase of 
the radioactivity in the left hip and inter- 
trochanteric region with count rates 10 
times above normal, corroborating the 
clinical and roentgenographic impressions. 
In this patient a rearthrodesis with osteo- 
synthesis of the femoral shaft to the pelvis 
was undertaken. 

Our experience based on the study of 35 
patients who had been subjected to various 
surgical hip procedures proves that ab- 
normally high radioactivity at the opera- 
tive site is a sign of infection or of unstable 
fixation and indicates the need for special 
treatment, bed rest and/or reoperation. 

The visualization of bone tumors or 
metastases on a scintigram depends on the 
presence of a reactive bone process with 
an increased accretion rate in the surround- 
ing bone. Osteoblastic as well as osteolvtic 
bone lesions can be detected and outlined 
by skeletal scintigraphy.2-? Usually, the 
amount of radioactivity on the scintigram 
is directly related to the activity of the 
neoplastic lesion. Benign bone tumors with 
slow-growing tendencies and inactive me. 
tastases often are scintigraphically nega. 
tive. Wherever there is active tumor growth 
the scintigraphic findings are positive. 
This may be seen in malignant and non- 
malignant neoplasms. 

A cystic lesion with calcification in its 
proximal portion was observed in the dis- 
tal femur of a 61 year old patient (Fig. 
7, 4-C). Roentgenologically, the diagnosis 
of an enchondroma was made, and later 
proved by biopsy. In the expanding por- 
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Fic. 4. 67) Fractures of the eighth and ninth ribs in a 34 year old man. (8) Increased radioactivity at the 


^ 


site of the rib fractures 
demonstrated. 


medizin, 1967, 107, 624.) 


tion of the lesion, circumscribed increased 


radioactivity was present as a sign of 
reactive bone formation secondary to 
active tumor proliferation. However, in 


the proximal calcified portion of the tumor, 
the scintigraphic findings were negative 
indicating tumor inactivity. The arterio- 


eram showed no difference in the gross 
blood supply of these two portions of the 
lesion. 


"Tumor inactivation following radiother- 
apy was demonstrated in a 44 year old pa- 
tient (Fig. 8, 4 and B). 


Two vears pre- 


and in the upper thoracic spine f, where on the roentgenogram no fracture is 
(Reproduced with permission from Fortschr. a. d. Geb. d. Rüntgenstrahlen u. d. Nuklear- 


viously an osteolvtie metastasis from a 
mammary carcinoma in the lett iliac bone 
irradiated using Co teletherapy. 
Because the patient was complaining again 
of pain in the left hip, roentgenographic 

studies and skeletal scintigraphy were per- 

formed. The irradiated metastasis appeared 
scintigraphically inactive. A new osteo- 
Ivtic metastatic lesion in the trochanteric 
region, however, was highly radioactive. 
On the roentgenogram the lesion was only 
faintly visible. Following selective irradia- 
tion of the left hip the pain disappeared. 


Was 


ri 
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Early skeletal metastases can be recog- 
nized by scintigraphy, even in cases with 
negative  roentgenographic findings. = 
This observation has been confirmed by 
our own Investigations. As degenerative, 
inflammatory, traumatic and dystrophic 
bone diseases may disclose positive scinti- 
graphic findings, it is often unwise to sug- 
gest the diagnosis of early metastasis with- 
out roentgenographic confirmation. For the 
differential diagnosis of such cases the 
results of blood chemistry should also be 
taken into consideration. 

A 70 year old man suspected clinically 
of having vertebral metastases from an 
unknown primary tumor showed on the 
roentgenograms and laminagrams of the 
thoracic spine moderate degenerative 
changes and diffuse osteoporosis; there were 
no signs of metastases (Fig. 9, -f and B). 
On the scintigram the radioactivity of the 
spine appeared particularly increased in . WR N 
the lower thoracic region. This could be a F19- 5. Same patient as in Figure 4, 4 and B. [he 

a = , +. laminagram reveals fractures of the second, third 
consequence of the osteoporosis and osteo- and fourth thoracic vertebrae. ( Reproduced with 
arthritis, as well as a sign of early metas- permission from Fortschr. a. d. Geb. d. Róntgen- 
tases. As the alkaline phosphatase was strahien u. d. Nuklearmedizin, 1967, 107,664.) 





o 





Fic. 6. (4) Hip arthrodesis and intertrochanteric osteotomy for degenerative joint disease $ months pre- 
viously in à $9 year old man. (B) Increased radioactivity at the site of the arthrodesis and osteotom y due 
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to nonunion. (Reproduced with permission from Fortschr. a. d. Geb. d. Röntgensirahien u. d. Nuklear- 


medizin, 1967, 107,654.) 
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Fic. 7. (4) Enchondroma of the right femur in a 61 year old woman. (B) Arteriogram reveals normal blood 


supply to the femur. (C) Scintigram shows increased radioactivity in the distal tumor part 7, where 


active proliferation is present. There are negative scintigraphic findings in the inactive, proximal tumor 


part T. (Reproduced with permission from: Besster W., Radioisotope in. der Lokalisationsdiagnostik. 


IK. Schattauer-Verlag, Stuttgart, 1967, 431.) 
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Fis. 9. (£) Advanced osteoporosis of the thoracic spine in a 7o year old man. The alkaline phosphatase was 
elevated to 27 King Armstrong units. (8) Increased radioactivity in the lower thoracic spine. The autopsy 
findings 1 month later confirmed the scintigraphic diagnosis of vertebral metastases of an unknown bron. 
chogenic careinoma. (The numbers indicate counts per minute.) 


elevated (27; King Armstrong units) and 
since there were no serologic findings sug- 
gestive of liver metastases, vertebral metas- 
tases were diagnosed and confirmed by 
autopsy 1 month later. The primary tumor 
proved to be a bronchogenic carcinoma. 

In the table of Figure 10, the findings of 
O4. skeletal scintigrams of patients with 
proven or suspected bone metastases were 
compared with the roentgenographic find- 
ings. A -F sign indicates monostotic in- 
volvement; ++ sign represents cases with 
polyostotic involvement. Good correlation 


n 


between both types of examination can be 
observed for the cases listed in the boxes 
in thick outline. In the cases in the 3 left 
lower boxes, scintigraphy supplied better 
information on the disease than the roent- 
genographic examination. In 16 cases, 
skeletal metastases not demonstrated by 
roentgenography were found by the scintig- 
raphv. Seventeen cases of metastases 
roentgenologically  monostotic were in 
fact polyostotic according to the scinti- 
graphic findings. The boxes in the right 
upper corner hold cases with inactive 


Fic. 8. (4 and B) Scintigraphically inactive metastasis in the left iliac bone of a 44 year old woman with 
mammary carcinoma treated 2 years previously using cobalt 60 teletherapy 1. Fresh, active, osteolytic 
metastasis in the left trochanteric region 7 is demonstrated. (Reproduced with permission from Fortschr. 
a. d. Geb. d. Réntgenstrahien u. d. Nuklearmedizin, 1967, 106, 431.) 
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104 SKELETAL SCINTIGRAMS 
AND ROENTGENOGRAMS 


Fic. 10. Comparison between roentgenographic 
(RX) and scintigraphic (SC) findings in skeletal 
metastases. 


metastases visualized by the roentgeno- 
graphic examination and undetected by 
scintigraphy. 


CONCLUSIONS 


Our experience with skeletal scintig- 
raphy using Sr® leads to the following con- 
clusions: 

1. The scintigraphic findings depend on 
the bone-seeking properties of strontium. 
An increase in the Sr® accretion rate is 
usually the result of active osteogenetic 
function. By scintigraphy it is therefore 
possible to get direct information about 
diseases which alter bone metabolism. 

2. An increased calcium turnover and its 
corresponding scintigraphic manifestations 
of abnormal radiostrontium deposits repre- 
sent nonspecific reaction of bone which can 
be caused by neoplastic, inflammatory, 
degenerative, traumatic, or dystrophic 
processes. 

3. For the differential diagnosis of a 
bone lesion, roentgenographic studies are 
of primary importance. However, for the 
determination of the activity of a patho- 
logic process in the bone, scintigraphy per- 
mits complementary functional informa- 
tion, which can be quantitatively mea- 
sured. 

4. In the roentgenographic evaluation of 
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some osteopathies, skeletal scintigraphy 
and roentgenography are complementary 
procedures of great value: 


(a) to distinguish recent from old healed 
fractures, 

(b) to evaluate possible complications of 
a healing fracture, 

(c) to detect early bone metastases, and 

(d) to discover hidden fractures or neo- 

plastic lesions in the skeleton. 


SUMMARY 


Scintigraphy, after application of Sr®, 
was performed on 200 patients with dif- 
ferent pathologic conditions of the skele- 
ton. Radioactive areas can be noted at 
bone sites with increased calcium avidity. 
This function represents a nonspecific 
reaction occurring in traumatic, inflam- 
matory, degenerative, neoplastic or dys- 
trophic bone lesions. The diagnosis of a 
skeletal disease depends on the roent- 
genographic finding. Scintigraphy, how- 
ever, provides complementary information 
on the activity of an abnormal bone 
process. 


Department of Radiology 
Kantonsspital, Winterthur 
Switzerland 
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THE PLASMA CELL IN RADIOLOGY* 


By BERT LINCOLN PEAR, M. D.t 


DENVER, COLORADO 


Ic n numbers of plasma cells 
are found in a wide variety of diseases 
which have. roentgenologic significance. 
The increase may be secondary to an under- 
lying disease or it may be due to autono- 
mous neoplastic proliferation of the plasma 
cell or a plasma cell precursor as in mul- 
tiple myeloma, extramedullary plasmacy- 
toma, Waldenstróm's macroglobulinemia 
and Fc fragment (Heavy Chain or Frank- 
lin’s) disease. 

There is controversy as to whether the 
plasma cell arises directly from the reticu- 
lum cell or from the lymphocyte or both. 
With the lymphocyte it is responsible for 
elaboration of the 4 major groups” of 
immunoglobulins: IgA, IgD, IgG and 
IgM. Although the immunoglobulins oc- 
cupy sites in both the beta and gamma 
region of the electrophoretic scale, they 
are generally referred to as gammaglobu- 
lins and their increase in the serum as 
hypergammaglobulinemia.?? 

Immunoglobulin molecules are composed 
of two types of polypeptide chains: a 
heavy (H) chain and a light (L) chain 
joined together by disulfide bonds (Fig. 1). 
Cleavage of the molecule results in two 
fragments—the Fab or light chain frag- 
ment and the Fc or heavy chain fragment. 
Bence Jones protein is the light chain frag- 
ment. 

The presence of gammaglobulin (immu- 
noglobulin) can be detected by electro- 
phoretic or immunoelectrophoretic analysis 
and semiquantitatively by immunodiffu- 
sion. 

Overproduction of gammaglobulin by 
antigenic stimulation of the plasma cells 
results in a generalized or diffuse form of 
hypergammaglobulinemia as may be found 


in chronic infection, particularly chronic 
abscess or granuloma, liver disease, some 
neoplasms, "collagen" diseases, hypersen- 
sitivity and autoimmune diseases, and in 
rheumatoid arthritis, ulcerative colitis and 
regional enteritis? (Table 1). In these dis- 
eases the cause of the plasmacytosis and 
the hypergammaglobulinemia will become 
apparent with the recognition of the roent- 
genologic manifestations of the underlying 
disease. 

A second form of hypergammaglobu- 
linemia occurs in which the increase is 
limited to a single immunoglobulin species, 
and is related to stimulation or autonomous 
neoplastic proliferation of a single clone of 
plasma cells which elaborates only one of 
the major immunoglobulins or its frag- 
ments. This is referred to as monoclonal 
gammopathy. 

In a minority of people with hypergam- 
maglobulinemia of the monoclonal type, 
this may occur without demonstrable dis- 
ease and is probably related to a derange- 
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Antibody Specificity 


Fic. 1. Schematic diagram of polypeptide chain 
composition of gammaglobulin (IgG) molecule 
(modified from Parter). Black horizontal lines 
represent polypeptide chains linked by disulfide 
bonds. x signifies light polypeptide chain and y 
signifies heavy polypeptide chain. (Reproduced 
with permission of fournal of American Medical 
Association $) 


* Portions of this paper were presented at the Twenty-ninth Midsummer Radiological Conference of the Rocky Mountain Ra- 


diological Society, Denver, Colorado, August 17-18, 1967. 


T Assistant Clinical Professor of Radiology, University of Colorado Medical Center, and Radiologist, St. Joseph Hospital and Porter 


Memorial Hospital, Denver, Colorado. 
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DIFFUSE HYPERGAMMAGLOBULINEMIA? 

1. Infections 

2. Liver Disease 

3. Some Neoplasms 

4. Collagen Diseases 
Disseminated Lupus Erythematosus 
Scleroderma 
Dermatom vositis 
Polyarteritis Nodosa 
Sjégren’s Syndrome 

$. Autoimmune and Hypersensitivity 
Serum Sickness 
Hyperimmunization 
Autoimmune Thyroiditis 
Erythema Nodosum 

6. Rheumatic Fever 

7. Rheumatoid Arthritis 

8. Ankylosing Spondylitis 

9. Regional Enteritis 

10. Ulcerative Colitis 


* This koia not B: considered a complete list. 


ment in formation of one of the immuno- 
globulin groups. The majority, however, 
have either plasma cell my eloma, Walden- 
stróm's macroglobulinemia, Fc Fragment 
disease, leukemia, lymphoma or carcinoma 
(Table 1), About half have plasma cell 
myeloma.” 


PLASMA CELL MYELOMA 
(MULTIPLE MYELOMA) 


Plasma cell myeloma mav occur with or 
without roentgen evidence of bone dis- 
eage 1525 

In general, with proliferation of neo- 
plastic plasma cells within the marrow 
spaces, there is almost invariably some de- 
gree of osteoporosis due to thinning and 
resorption of the trabeculae (Fig. 2). 

Very infrequently, there may be 
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MONOCLONAL HYPERGAMMAGLOBULINEMIA 


i: E Cell My EM 

2. Waldenstróm's Macroglobulinemia 

3. Fe Fragment (Heavy Chain) Disease 

4. Some pa Lymphomas and Carcinomas 
s. Without E vidence of Other Disease 
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lic. 2. The classical appearance of multiple, small 
osteolytic lesions is not the most frequent finding 
in plasma cell myeloma. Many cases, as in the one 
illustrated above, show only diffuse osteoporosis, 
especially of the spine. 


osteoblastic stimulation and dense bony 
sclerosis may occur." 

3. When frank bone destruction occurs 
it may simulate the destruction found in 
other primary or secondary bone tumors 
and may be (a) geographic, (b) moth- 
eaten, or (c) permeative, depending upon 
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SKELETAL EVIDENCE OF PLASMA CELL MYELOMA 


py e mra Uo——————RSER 8 oe 


t. May Show No Evidence of Bone Disease 
2. Osteoporosis 
3. Osteosclerosis ‘ 
4. Bone Destruction 
a. Geographic 
b. Moth-eaten 
c. Permeative 
d. Cystic 
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the rate of growth of the tumor (Table 11). 

4. Where tumor growth is quite indolent, 
particularly in flat bones, the cortex may 
expand and this results in a cystic ap- 
pearance. 

Roentgenographically it may be quite 
impossible to differentiate multiple 
myeloma from metastatic neoplasm to bone 
and no single rule is invariable. Multiple 
myeloma should be suspected, however, 
when there is multicentric involvement 
which includes the mandible and scapula; 
when the verebral bodies are involved but 
the pedicles are spared" (Fig. 3); and when 
destructive lesions involve the marrow 
cavity of long bones and of digits. 

Soft tissue masses about involved verte- 
bral bodies are said to be more common in 
myeloma than in carcinoma.” 

The pelvis is a common site of involve- 
ment in myeloma and the lesion may be 
obscured by gas and fecal material within 
the bowel and therefore overlooked unless 
the margins of the sacral foramina are 
carefully scrutinized. Specific attention 
should be directed to the “tear drop” of 
the acetabulum in the anteroposterior view 
of the pelvis and to the segmentation of 
the sacrum in the lateral projection if 
lesions are not to be missed. 

Myeloma is next only to metastatic 
carcinoma and lymphoma as a cause of 
extradural obstruction.’ 

Because of the derangement of immuno- 
globulin, bacterial infection, particularly 
pneumococcal lobar pneumonia, is not an 
uncommon presenting symptom in patients 
with plasma cell myeloma (Fig. 4). 
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The kidney may be affected in multiple 
myeloma by deposition of proteinaceous 
material (including Bence Jones protein) 
within the lumen of the tubules, within epi- 
thelial cells lining the tubules, by amyloid 
involving the kidney parenchyma, and by 
calculi secondary to hyperuricemia and 
hypercalciuria.?? 

Amyloidosis, resembling the primary 
type occurs in 8 to 15 per cent of cases of 
multiple myeloma. 

Recent evidence appears to indicate that 
the danger of intravenous pvelography is 
related to dehydration prior to the ex- 





Fig. 3. Plasma cell myeloma is second to metastatic 
carcinoma and lymphoma as a cause of spinal 
epidural block. The presence of pedicle destruction 
in this case emphasizes that its absence is not in- 
variable in myeloma. Although pedicle involve- 
ment was found in only 14.8 per cent of the cases 
of Jacobson ef a/., it occurred in 36.3 per cent in 
the series of Cohen, Svien and Dahlin.? 
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amination rather than to the urographic 
contrast agent.” | 
Plasma cell myeloma may appear to be 
"solitary" and unusual cases with even 34 
and 22 year cures have been reported,” 
but the consensus appears to indicate that 
so-called "solitary" myeloma almost in- 
variably becomes disseminated.* ?.? 


EXTRAMEDULLARY PLASMACYTOMA 


Neoplastic proliferation of plasma cells 
may occur without bone disease. The 
tumor, termed extramedullary plasmacy- 
toma, has a particular predilection for the 
upper respiratory tract, especially the 
nasopharynx, and the oral cavity. It may 
arise 1n unusual sites including the stomach 
(Fig. s), thymus, kidney, ovary, lung, 
mediastinal lymph nodes and intestines.*?" 
This is not surprising since the plasma cell 
arises from the reticuloendothelial system 


Fic. 4. Pneumococcal lobar pneumonia is a frequent 
presenting symptom in plasma cell myeloma be- 
cause of the associated derangement of formation 
of immunoglobulin. 





gil 





Fic. c. Extramedullary plasmacytoma is most com- 
mon in the nasopharynx and oral cavity, but it can 
occur in the thymus, mediastinal lymph nodes, 
lung, intestines, kidney, ovary or in the stomach 
as in this case of a £1 year old male with extra- 
medullary plasmacytoma of the greater curvature 
of the stomach with peritoneal implants but with- 
out svstemic or osseous myeloma. (Courtesy of 
Dr. Alfred Den, Denver Veterans Administration 
Hospital.) 


which is widespread throughout the body. 
As in "solitary" myeloma, bony dissemi- 
nation almost invariably occurs. 


WALDENSTROÓM'S MACROGLOBULINEMIA 


In Waldenstróm's macroglobulinemia 
there is marked overproduction of the IgM 
species of immunoglobulin. This is due to 
a proliferative disorder of the reticuloendo- 
thelial system in which the neoplastic cell 
is a reticulum cell capable of differentiating 
into plasmacytic or lymphocytic lines. The 
neoplastic cells have variously been de- 
scribed as “plasmacytoid lymphocytes” 
or “lymphocvtoid plasmacytes.” The dis- 
ease is characterized by lymphadenopathy 
and hepatosplenomegaly and has a clinical 
course resembling malignant lymphoma. 
As in myeloma, amyloidosis occurs 5” 

Lymphangiography may show large 
lymph nodes with an increased uptake of 
the contrast material similar to the “typi- 
cal” lymphoma pattern.” 


612 Bert Lincoln Pear 


. 
FC FRAGMENT DISEASE 


A related disease, Fc Fragment (Heavy 
Chain or Franklin's) disease has been de- 
scribed. This also pursues a course re- 
sembling malignant lymphoma but the 
neoplastic cell elaborates only the heavy 
chain fragment rather than the entire 
immunoglobulin molecule.” 


OTHER NEOPLASTA 


Monada gammopathy, apparently as- 
sociated with plasmacytosis and occasion- 
ally with amyloidosis, may occur infre- 
quently in a variety of neoplasms. Most 
have arisen in the rectosigmoid, prostate, 
oropharynx or breast, but 2 cases of hepatic 


bile duct carcinoma and single cases of 


carcinoma of the stomach, Jejunum, pan- 
creas, uterus, bladder and a case of chronic 
myelogenous leukemia have been re- 
ported.5 Recently cases of bronchogenic 
carcinoma have also been reported.*? 


AMYLOIDOSIS 


Amyloid consists of a polypeptide chain 
and an intrafibrillar cementing polysaccha- 
ride. Although it is tempting to consider 
the protein moiety as being the immunoglob- 
ulin molecule or its light chain fragment, 
it would appear that this is not always true, 
particularly in the familial forms of amy- 


loidosis and probably not even in all of 


the sporadic primary forms, nor in senile 
cardiac am vloid.?5 


It does appear, however, that forms of 


amyloidosis mav be associated with any 
disease in which benign or malignant 
proliferation of plasma cells occurs and in 
which immunoglobulin is formed in excess. 
In these instances the protein component 
would appear to be gammaglobulin or light 
chain. 

A useful current clinical-pathologic clas- 
sification of amyloidosis is shown in Table 
iv, as modified slightly from Kenney and 
Calkins.'* This appears more useful than 
the older classifications.'® 

Secondary amyloidosis occurs in the 
presence of a chronic underlving disease. 
In the past, chronic suppurative and in- 
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flammatorv diseases such as osteomyelitis, 
tuberculosis and bronchiectasis were con- 
sidered to be the usual etiologic factors. 
Today, rheumatoid arthritis seems to be 
the most common cause of secondary 
amyloidosis. Currently other common ac- 
companving diseases are disseminated 
lupus ervthematosus, scleroderma, polv- 
arteritis nodosa, ulcerative colitis, re- 
gional enteritis and certain neoplasms, 
including Hodgkin's disease and hyper- 
nephroma. 

In secondary amyloidosis, the amvloid 
seems to be the result of prolonged anti- 
genic stimulation of the plasma cells with 
formation of excess immunoglobulin which 
is combined with a polysaccharide 75 situ 
within the “typical” organs—usually the 
liver, spleen and kidney. 

Roe tgenographic di agnosis of secondarv 
amyloidosis is therefore limited to enlarge- 
ment of these organs in a patient who also 
shows evidence of an appropriate accom- 
panving disease. When the kidnevs are 
involved thev may additionally show some 
spreading of the infundibula and calvces® 
but usuallv there is no gross calvceal dis 
tortion. 

In the primarv sporadic form associated 
with plasmacytosis and in that form found 
with multiple mveloma or Waldenstróm's 
macroglobulinemia, the distribution 1s usu- 
allv, but not necessarily, distinctive, 7.e., 
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AMYLOIDOSIS 


A. Primary Amyloidosis 
t. Genetic 
a. With Familial Mediterranean Fever 
b. Primary Familial Amyloidosis of Andrade 
and Rukavina 
. Sporadic 


t3 


a. Typical (Pattern Similar to. Secondary 


Am yloidosis) 
b. Atypical (Diffuse Pattern) 
3. Tumor Forming 
B. Secondary Amvloidosis 
C. Amvyloidosis Associated with Multiple Mveloma 
and Waldenstróm's Macroglobulinemia 
D. Senile Cardiac Amyloidosis 
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“atypical.” There may be involvement of 
the heart, lungs, gastrointestinal tract, 
paranasal sinuses, spinal epidural space, 
skeletal muscle, joints, bone, skin and 
nerves.?:.105:1725?? Unilateral or bilateral car- 
pal tunnel syndrome is frequent. "Typical" 
organs may also be involved. 

Roentgenographically the heart may be 
enlarged and the lings congested. Fluoro- 
scopically the appearance may simulate 
pericardial effusion due to diminished pul- 
sations. 

The lungs may show a stippled, inter- 
stitial infiltration varying in degree re- 
lated to amyloid deposited within the walls 
of the pulmonary vessels.” Amyloid must 
be considered in the differential diagnosis 
of disseminated interstitial pulmonary dis- 
ease. 

The gastrointestinal tract may be in- 
volved from the tongue to the rectum. 
Unlike scleroderma, amvloid infiltrates 
striated muscle and may impair the 
pharvngeal phase of deglutition in addition 
to the involvement of the esophagus which 
occurs in both scleroderma and amyloid. 

The appearance of the stomach may 
simulate linitis plastica or actual nodules 
may be found. 

In the small intestine there is generalized 
dilatation with symmetric thickening of 
the valvulae conniventes. The transit of 
barium through the small intestine may be 
delaved for days. Most distinctive is the 
very marked thickening of the bowel wall 
simulating separation of the loops (Fig. 6). 

Destructive osseous changes secondary 
to invasive amyloid deposits within the hip 
joints have been demonstrated!!!” and in 
one case of osseous plasmacytoma of the 
pelvis, the amyloid deposit was so extensive 
as to obscure the underlying myelomatous 
nature of the tumor.” 

Calcifications, similar to those found in 
dermatomyositis and scleroderma have 
been observed in extensive subcutaneous 
deposits of amyloid accompanying Walden- 
stróm's macroglobulinemia.? 

Tumoral and nodular amyloidosis, like 
cardiac amyloidosis, may accompany the 
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Fic. 6. The small intestine may be involved in either 
primary amyloidosis or in amyloidosis associated 
with plasma cell myeloma or macroglobulinemia. 
This patient with myeloma showed dilatation of 
the small bowel, thickening of the valvulae con- 
niventes, delayed transit and marked separation 
of the loops due to thickening of the bowel wall. 


primary sporadic form or may be present 
as an isolated finding. In the latter setting 
the upper respiratory tract is most fre- 
quently involved but it may also affect the 
eve, tongue, larynx, lower respiratory tract, 
urinary bladder, pancreas, gasserian gan- 
glion and thyroid. 

In the tracheobronchial tree the amyloid 
is deposited beneath the mucosa, forming 
ridges, plaques and nodules which, if not 
characteristic, may at least be suggestive 
of the disease because of its diffuseness 
throughout the lower respiratory tract." 

Roentgenographically, solitary or mul- 
tiple amyloid tumors of the lung frequently 
show calcification and even metaplastic 
ossification. This is most frequently ob. 
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Fic. 7. The plasma cell and its products in relationship to the immunoglobulins and their components. 
7 g 


served in the lung, but calcification has 
also been described pathologically in amy- 
loid tumors of the tongue, larynx, stomach, 
endocardium and adrenals.?? 


SUMMARY 


The plasma cell and its products, the 
immunoglobulins and their components, 
play a role in disease capable of roentgeno- 
logic recognition (Fig. 7). 

The plasma cell arises from the reticulum 
cell or from the lymphocyte. It elaborates 
the 4 major species of immunoglobulin. 

Neoplastic proliferation of the plasma 
cell results in plasma cell myeloma or 
extramedullary plasmacytoma. Neoplastic 
proliferation of "Ivmphocytoid plasma- 
cytes” results in Waldenstróm's macro- 
globulinemia, if an immunoglobulin is 
formed, or in Fc fragment disease if only 
the heavy chain fragment is elaborated. 

These neoplasias may be associated with 
amyloidosis which appears to be a combina- 
tion of an immunoglobulin fragment with 
a polvsaccharide. 

Plasmacy tosis and hypergammaglobulin- 
emia may also result from chronic antigenic 


stimulation in a number of diseases, es 
pecially rheumatoid arthritis, chronic ab 
scesses and granulomata, the collage 
'ascular disorders, certain neoplasms, an 
in ulcerative colitis and regional enteritis 
among others. Amyloid may also compli 
cate these diseases but 1s of the so-calle 
secondary type. 
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ERMANENT 


T radiation myelopathy 1s 


recognized as a possible complication of 


radiation therapy whenever the spinal cord 
is included in the field of irradiation. There 
are a moderate number of reported cases in 
the literature, ^? $5.9.19.11,12,13,16-25 

This study represents our experience in 
6 cases of radiation myelopathy as a com- 
plication in treatment of inoperable car- 
cinoma of the lung. The damage, there- 
fore, in all cases occurred in the thoracic 
spinal cord. We have no histologic proof in 
any of the patients but by history, physical, 
laboratory and roentgenographic examina- 
tion, we believe that we are able to present 
these as classic cases of radiation myelop- 
athy. 


CLINICAL MATERIAL 


From 1959 to the latter part of 1963, 207 
patients with inoperable carcinoma of the 
lung were treated at the Mallinckrodt 
Institute of Radiology. Treatment was 
done on an Allis-Chalmers betatron oper- 
ated at 22.5 mev., and all patients were 
brea toa to a midplane dose of at least 

2,500 rads. Not included in the 207 patients 
are those only observed or treated to less 
than 2,500 rads. Our basic treatment plan 
at that time was to deliver a midplane dose 
of 4,000 rads in 3 weeks in 15 treatments 
through parallel opposing anterior and 
posterior ports. This plan was successfully 
accomplished in 86 per cent of the 207 
patients. From the 178 patients treated to 
approximately 4,000 rads in 3 weeks, we 
have observed 6 cases of radiation my elop- 
athv developing in the 48 patients who 
lived over 1 vear. All patients originally 
had biopsy-proven malignant tumor. 
Biopsy specimens were interpreted as 
carcinomas in 5 patients and anaplastic 


carcinoma in 2 patients. The other case 
was originally diagnosed histologically as 
undifferentiated carcinoma of bronchial 
origin, but was later rediagnosed as malig- 
nant ly mphoma because of consideration of 
the response to radiation therapy and the 
patient’s subsequent course, In all patients 
the segment of thoracic spinal cord ir- 
radiated was greater than 10 cm. and the 
entire width of the cord was irradiated in 
4 of the 6 patients who developed myelop- 
athy. The latent period from completion of 
therapy to the earliest symptom ranged 
from 12 to 3$ months. Two patients died 
from complications arising as a direct 
result from myelopathy 29 and 48 months 
following the completion of therapy. The 
other 4 patients are alive from 3o months 
to 68 months without demonstrable evi- 
dence of malignant disease. Mvelographies 
were done in £ of the 6 patients and all 
interpreted as normal. 


CLINICAL FEATURES 


From the cases reported in the literature 
and in our experience, the usual latent 
period is between 1 and 2 years following 
the completion of therapy. The onset of 
symptoms is usually insidious but the rate 
of progression of symptoms is variable. 
There appears to be no correlation between 
rate of progression and severity of illness. 
The entity described as transient radiation 
myelopathy by Jones“ and Boden? clini- 
cally appears different from the progressive 
form of my elopathy. In the present series, 
none of the patients with permanent radia- 
tion myelopathy had previous sympto- 
matologv suggestive of transient radiation 
myelopathy. There are 2 cases of perma- 
nent radiation mvelopathy reported in the 
literature which did appear to have symp- 


pn 
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tomatology suggestive of the early form or 
transient radiation myelopathy: however, 
this would appear to be the rare exception 
rather than the rule. The transient form 
appears to have a latent period of a few 
months following the completion of therapy 
and persists for an average of a few months. 
In none of the reported cases, however, 
have the symptoms of progressive radiation 
myelopathy decreased in severity or dis. 
appeared. 


CLINICAL COURSE 


Radiation myelopathy cannot be dif. 
ferentiated from other forms of mvelitis. 
However, a common course for the disease 
is to manifest itself as a Brown-Sequard’s 
syndrome. This syndrome or variants 
thereof was present in 5 of our patients, 
2 of whom subsequently developed signs 
and symptoms of a transverse myelitis. In 
3 other patients with a Brown-Sequard 
syndrome, the degree of myelopathy ap- 
pears stabilized. This is consistent with 
what has been seen in other series. The 
apparent unilateral spinal cord lesion, 
despite the fact that the whole cord might 
have been irradiated, causes one to specu- 
late on the pathology of radiation myelop- 
athy and whether the neural injury is due 
primarily to an effect on nerve cells di- 
rectly or secondary effects due to damage 
of connective tissue and blood vessels. 
It is not within the scope of this study to 
discuss this problem. We would tend to 
believe, however, as do the majoritv of 
other authors, that the disease appears to 
be mainly secondarv to an effect upon the 
blood vessels and connective tissue. 

Palhs e£ 4/5 point out that three cri- 
teria should be met before making the 
diagnosis of radiation myelopathy. 


(a) The spinal cord should have been 
included 1n the area irradiated. 

(b) The main neurologic lesion should 
be within the segment of cord ex- 
posed to irradiation, 

(c) Myelography or necropsy should 
have excluded cord compression from 
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metastases as the cause of the neuro. 
logic disorder. 


e 

All of our cases satisfy these criteria 
except Case vi, on whom we have no 
myelogram. However, we believe that we 
are justified in making the diagnosis of 
radiation myelopathy in this patient on the 
basis of clinical grounds and subsequent 
follow-up. 


REPORT OF CASES 


Case t (Fig. 1). A 46 year old Negro female 
was admitted to Barnes Hospital in December, 
1958, where a diagnosis of inoperable epider- 
moid carcinoma of the right lung was made. In 
a period of 21 days and in 1s treatments, 
through 13X13 cm. anteroposterior and pos- 
teroanterior opposing ports, she was treated to a 
midplane dose of 3,910 rads. The spinal cord 
received a calculated dose of 3,870 rads in this 
time, Towards the end of therapy, she devel- 
oped severe dysphagia. Esophagoscopy was 
done because of her extreme difficulty in swal- 
lowing and marked mucositis was noted. In 
May, 1960, she developed pneumonia of the 
right lower lobe which was treated with appro- 
priate antibiotic therapy. Beginning in June, 
1960, she became aware of an intermittent 
burning and tingling sensation in both lower ex- 
tremities, the left more than the right. This 
progressed to weakness of both lower extremi- 
ties, with a foot drop noted on the right. She 
was admitted to the hospital on November 4, 
1960, when a neurologic examination disclosed 
a sensory level to pin-prick on the left with 
hypalgesia to the Tg level. There was also 
motor weakness of the right lower extremity, 
and more particularly, weakness of dorsiflexion of 
the right foot. There was also a right extensor 
toe sign. Vibration and position senses were in- 
tact bilaterally. The chest roentgenogram at 
this time showed shrinkage of the right lung 
with postirradiation fibrosis. Myelography was 
performed and interpreted as normal. She was 
discharged trom the hospital essentially un- 
changed. The neurologic difficulties progressed, 
however, to a more severe right leg weakness 
and in April, had progressed to near-complete 
paraplegia. She was bed-ridden during the last 
2 months of her life, and expired at home of 
pneumonia. There was no evidence of either 
primary recurrence or metastatic disease at the 
time of death, 
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Fic, 1. Case r. A 46 year old Negro female. The tumor dose was 3,910 rads and the spinal cord dose 3,870 rads 
in 21 days, 15 treatments. The symptoms began 21 months after treatment and progressed from Brown- 


& 


Sequard syndrome to paraplegia over 8 months. She died 29 months after treatment from complications of 


paraplegia; there was no evidence of tumor. 


Case n (Fig. 2). A 50 year old white married 
male was admitted to Barnes Hospital on 
March 31, 1960, with intermittent chills and 
fever of one year’s duration and a ro pound 
weight loss. A chest roentgenogram showed a 
right superior mediastinal mass with left pleural 
effusion. Biopsy revealed metastatic carcinoma 
of bronchial origin, Therapy was administered 
through opposing ports 15X15 cm. in a period 
of 18 days and in 15 treatments. He was treated 
to a midplane dose of 4,000 rads. The spinal 
cord received a dose of 3,890 rads in this 
time period. There was marked regression of the 
tumor on chest roentgenography, and for this 
reason, It was thought that the lesion might 
well have been a lymphoma. 

He was admitted to Barnes Hospital again on 
December 6, 1961, with a chief complaint that 
he had been numb in the lower part of his chest 
since July of that year. On physical examina- 
tion, a weakness of both hip extensors and flex- 
ors was found, especially on the left, with de- 
creased sensitivity to pin-prick from T4 to L3 on 
the right and hyperesthesia from T4 to L2 on 


the left. The left ankle jerk was 3+, the right 
knee and ankle jerk were 2--. A positive Babin- 
ski sign was demonstrated on the left. A myelo- 
gram showed no evidence of block or extrinsic 
impression. Biopsy of a left inguinal lymph node 
at that time showed hyperplasia. 

He was admitted again to the hospital on 
November 4, 1964, for headaches, shaking chills 
and fever. A complete work-up at that time 
failed to show evidence of lymphoma. 

Physical examination at the present time 
shows a slight left foot drop with increased de- 
pendent reflexes on the left. A positive Babinski 
sign 1s present on the left. There is only minimal 
ability to dorsiflex the left foot and toes, and 
slight atrophy in the left tibialis anterior mus- 
cle. There is decreased vibratory sensation in 
both ankles and decreased sensation to touch, 
pin-prick and soft touch over T4 to L4 on the 
right. Rectal examination reveals good sphinc- 
ter tone. Chest roentgenogram shows no change 
in the past $ years. 





Case ni (Fig. 3). A 61 year old white male 
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lic. 2. Case IL 


entered Barnes Hospital on. August 21, 1961, 
with a chief complaint of a mass in the right 
neck and in the right lung. Chest roentgeno- 
gram showed a large mass in the right upper 
lobe impinging on the mediastinum, with evi- 

dence of hilar lymphadenopathy depressing the 
right main stem bronchus. A supraclavicular 
lymph node biopsy demonstrated s uii: 
carcinoma, Eighteen mg. of nitrogen mustard 
was given on August 23 and 24, 1961. The pa- 
tient was then referred for roentgen therapy. 
He was treated by opposing anterior and pos- 
terior fields measuring 11X12 cm., and in 27 
days and in 19 treatments, received a midplane 
dose of 4,550 rads. He was also treated to his 
right supraclavicular area through an 8X8 cm. 
port utilizing cobalt 60 irradiation to a čal- 
culated tumor dose of 4,000 rads. Care was 
taken on this port to exclude the spinal cord 
from the field of irradiation. Progressive dys- 
phagia was noted during the course of treat- 
ment, to near-complete inability to swallow all 
foods, This dysphagia continued up until 6 
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A go year old white male. 
in 18 days, 15 treatments. The symptoms began 16 months after treatment. Has Brown-Sequard syndrome 
which is unchanged to present time. He ts alive 68 months after treatment without E of malignancy. 
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The tumor dose was 4,000 rads and the spinal cord dose 3,890 rads 


months following the completion of therapy. A 
barium swallow examination done in April, 
1962, showed moderate stenosis of the upper 
one-half of the thoracic esophagus. At that 
time, the esophagus was dilated under direct 
esophagoscopic visualization. He did quite well 
and was near-asymptomatic up to August, 
1964, when he noticed the slow onset of numb- 
ness in his right heel. This progressed rapidly 
and on successive visits the symptoms pro- 
gressed to his right leg to the scrotum, involving 
serially the medial aspect of his left leg. In 1i 

month he became paraplegic and incontinent. 
On physical examination in November, 1964, he 
was noticed to have bilateral Babinski signs, 
with decreased vibratory sensation bilaterally 
and a mild hypalgesia in both extremities. 
Bowel function was poor, with poor rectal tone. 
Myelography was performed and interpreted as 
normal. An enlarged prostate was noted by 
rectal examination. A subsequent transurethral 
resection was done for benign prostatic hyper- 
trophy; however, this did not appear to aid his 
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36 MONTHS 


Fic. 3. Case un. A 61 year old white male. The tumor dose was 4,550 rads and the spinal cord dose 4,820 rads 
in 27 days, 19 treatments. The symptoms began 3$ months after treatment and progressed rapidly from 
bilateral sensory changes to paraplegia. He died 48 months after treatment without evidence of malignancy. 


ability to void. The patient expired at home of 
pneumonia and cachexia, without evidence of 
tumor 48 months following his radiation treat- 
ment. 


Case iv (Fig. 4). A 52 year old Negro male 
was admitted to Barnes Hospital in May, 1962, 
when he was found to have a left upper lobe 
infiltrate. Washings obtained at bronchoscopy 
showed atypical cells, diagnostic of epidermoid 
carcinoma, There was also erosion of the fourth 
rib anteriorly noted on chest roentgenography. 
In 21 days and in 16 treatments, he was irra- 
diated to a midplane dose of 3,gs0 rads on the 
betatron through opposing anteroposterior and 
posteroanterior left upper chest ports measur- 
ing 1>xX1g cm, The shoulder and larynx were 
protected by lead blocks. In August, 1963, he 
began complaining of ill-defined tingling sensa- 
tions in the left shoulder and hip. This remained 
somewhat static, with no evidence of neuro- 
logic deficit until April, 1964, when he was 


nosis of Brown-Sequard’s syndrome was made 
at that time. A myelogram was normal. Since 


April, 1964, his neurologic status has remained 
essentially unchanged, except for disappearance 
of pain. 

Generalized weakness is more of a problem at 
this time. On physical examination, there is an 
obvious loss of volume of the left hemithorax 
with atrophy of the pectoral muscle on the left. 
There is fair rectal sphincter tone, with volun- 
tary control. Definite weakness of the left lower 
extremity is present, and there is moderate 
weakness of the left upper extremity, absent 
vibratory sensations in both legs, and absent 
positional sense in the left lower extremity. A 
questionable decreased sensation to pin-prick 
in the right lower extremity is also noted. There 
is hvperrelexia on the left, with no evident 
Babinski sign. A chest roentgenogram shows no 
evidence of change over the past 4 years. 


Case v (Fig. 9. A 40 year old white male was 
admitted to Barnes Hospital in May, 1962, be- 
cause of a 6 week history of cough, chest pain 
and hemoptysis. Chest roentgenograms showed 
a large mass in the right upper lobe, with meta. 
stases to the azygous node and extension into 


™ 


the hilus and mediastinum. The patient was ex- 
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Fic. 5. Case v. A 40 year old white male. The tumor dose was 4,020 rads and the spinal cord dose 4,070 rads 
in 21 days, 16 treatments. The symptoms began 12 months after treatment. Has Brown-Sequard syndrome 
which is unchanged to present time. He is alive 54 months after treatment without evidegce of malignancy. 


area received a calculated tumor dose of 4,370 
rads. Moderate dysphagia was present which 
lasted up to one month following the completion 
of therapy. In May, 1964, she had herpes zoster 
in the left gth and 10th dermatomes which 
lasted approximately 1 month. In November, 
1964, she began to have early signs of a Brown- 
Sequard's syndrome, with slight numbness in 
the right lower extremity, and with minimally 
hyperactive dependent reflexes in the left lower 
extremity. There was also an early suggestion of 
decreasing muscle mass in the left lower ex- 
tremity. The patient also gave a history of dis- 
crepancy in sensation to heat and cold in the 
lower extremities. 

On January z, 1965, she was again seen and 
there appeared to be a definite progression over 
the past 2 months. There was numbness and 
loss of temperature sensation in the right lower 
extremity. Left dependent reflexes were in- 
creased and there was decreased muscle mass in 
the left calf. There was still some pain in the left 
gth and 1oth dermatomes. Chest and dorsal 
spine roentgenograms showed no definite 
change in the appearance of the chest, although 
recurrence of the tumor could not definitely be 
ruled out. Myelography was not performed. A 
lumbar puncture was normal. The findings were 
thought to be best explained by radiation 
myelopathy. In May, 196s, she returned with 
evidence of bilateral lower extremity weakness 
and early spasticity. It was felt that the myelop- 
athy was progressing. A chest roentgenogram 
showed no change in the past 2 vears. Lumbar 
and thoracic spine roentgenograms revealed no 
evidence of metastatic disease. The patient has 
developed a spastic paraplegia with a level at 
T9. 

The features of the clinical cases are 
summarized in Table 1. 


INCIDENCE 


Atkins and Tretter! give an excellent 
review of previous studies in which, in 
addition to time-dose consideration, they 
discuss the subject of incidence of myelop- 
athy. The exact incidence of myelopathy 
occurring when the spinal cord is irradiated 
to a given dose is rather difficult to deter- 
mine. Two factors responsible for this are 
the poor survival rates of patients with dis- 
ease for which the spinal cord might be in- 
cluded in the field of irradiation, and the de- 
lay of onset of myelopathy, which in 1 re- 
ported case has been as long as 70 months. 
In our series, we observed 6 cases of dorsal 
myelopathy in a total of 48 patients sur- 
viving 1 year, for an incidence of 12.5 per 
cent. This would appear to agree with the 
incidence as reported in other series. 


TIME-DOSE RELATIONSHIPS 


As in any other tissue, the degree of 
radiation change in the spinal cord is time- 
dose-volume dependent, excluding the fac- 
tor of individual tissue sensitivity. Boden,’ 
in 1950, drew up a time-dose plot for 
tolerance of the cord according to the 
method of Strandqvist. Pallis, Louis and 
Morgan, in 1961, estimated the tolerance 
level to be in the range of 20 per cent below 
that suggested by Boden. Our dose to the 
cord of approximately 4,000 rads in 3 
weeks lies well above that suggested by 
Pallis and his co-workers, and even that 
recommended by Boden. As previously 
mentioned, this studv includes those cases 
treated up until the latter part of 1963. 


hic. 6. Case vi. A 41 year old white female. The tumor dose was 4,300 rads and the spinal cord dose 4,370 
rads in 23 days, 13 treatments. The symptoms began 12 months after treatment and have progressed from 
Brown-Sequard syndrome to paraplegia at present time. She is alive 30 months after treatment without 


evidence of malignancy. 
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TABLE I 
SUMMARY OF CASES 
Length Onset of 
Tumor Spinal ; Do of Spinal Location Radiation 
Case D Cord Time of C f Spinal Mel S f Pati 
No. Age v Dose (days) Treat- T ora Cord wg PEE isa ede 
(rads) (rads) ments reated Treated wines 
{cm (months) 

I 46 3,910 3,870 21 I$ 13 Dé-D11 21 Brown-Sequard; paraplegia. 
Dead (paraplegia), 29 months; 
no evidence of tumor 

II 50 . 4,000 3,890 18 14 I; ° D1-D7 16 Brown-Sequard. Alive, tumor 
free; 68 months 

IH 61 4,550 4,850 27 19 12 D3-Dg 35 Sensory loss; paraplegia. 
Died (paraplegia), 48 months; 
no evidence of tumor 

IV 52 3,950 — 3,950 21 16 pr Da-D8 14 Brown-Sequard. Alive, 
tumor free; 51 months 

V 40 4,080 4,070 2 16 14 Di-D8 12 Brown-Sequard. Alive, 
tumor free; 54 months 

VI 4I 4,300 4,370 25 13 I5 D3-Di0 12 Brown-Sequard; paraplegia. 


At that time, we began irradiating patients 
with lung cancer through anterior ports 
only, except in cases where the tumor was 
in the posterior one-third of the lung field. 
Thus, following the change in treatment 
plan in 1963, in delivering the midplane 
dose of 4,000 rads in 3 weeks, the spinal 
cord receives a dose of 3,100 rads in the 
same period of time (Fig. 7 and 8). This 
dosage to the spinal cord of 3,000 rads in 21 
days lies between the curves drawn by 
Boden and Pallis et al. Since converting to 
this new treatment plan, we have observed 
no new cases of radiation myelopathy; how- 
ever, there has been an insufficient time 
elapsed to make definite conclusions con- 
cerning the results of our present dose to 
the spinal cord. In the case of posterior 
chest field tumors, the patient is treated 
using anteroposterior and posteroanterior 
opposing ports, but the dose is regulated so 
that the spinal cord does not receive more 
than 1,000 rads per week in 3 or § fractions 
per week. 

It is interesting to note that of the 6 


Alive, tumor free; 30 months 


patients developing myelopathy late, 3 
had severe esophagitis during therapy. 
Two patients subsequently required esopha- 
goscopy and dilatation. It is of further 
interest, however, to note that 2 of the 
patients who developed paraplegia were 
from the 3 who developed severe esophagi- 
tis. The third patient with transverse 
myelitis and paraplegia had herpes zoster 
of the affected spinal segments just 2 
months prior to onset of myelopathy. While 
it is common for patients to develop some 
mild esophagitis during radiation therapy 
for carcinoma of the lung, it is unusual to 
develop such severe esophagitis that esopha- 
geal dilatation is necessary. We have care- 
fully reviewed the dosage calculations on 
these patients and feel certain that the 
occurrence of severe esophagitis cannot be 
explained on the basis of incorrect dosage of 
radiation. These findings, therefore, are 
worthy of note since they would seem to 
implicate, in part at least, individual 
radiosensitivity as the cause of the esopha- 
gitis and severe myelopathy. 
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Fic. 7. Dose distribution of anterior and posterior betatron fields. Cross section at the level of the sth dorsal 
vertebra. Patient contour 22 cm. in anteroposterior diameter. Note that the spinal cord received a dose 
equivalent to the tumor. 
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Vic. 8. Dose distribution of anterior field. Note that the tumor received 74 per cent of maximum dose and the 
spinal cord 60 per cent of maximum dose. The spinal cord therefore received 80 per cent of the tumor dose. 
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SUMMARY 


Six cases of radiation myelopathy occur- 
ring as a complication of radiation therapy 
of inoperable carcinoma of the lung are 
reported. The segment of the thoracic 
spinal cord irradiated was greater than 10 
cm. in all patients. The dose to the spinal 
cord was in the range of 4,000 rads in 3 
weeks, given in approximately equal frac- 
tions § times a week. All treatments were 
done on an Allis-Chalmers betatron operat- 
ing at 22.5 mev. The treatments were 
equally given through anteroposterior and 
posteroanterior opposing ports. The inci- 
dence of radiation myelopathy in our series 
of 48 one year survivors was 12.5 per cent. 
Because of this complication, we have 
modified our treatment plan. 


John P. Locksmith, M.D. 
Swedish American Hospital 
Rockford, Illinois 61108 
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THERMOGRAPHY AND THE VENOUS DIAMETER 
RATIO IN THE DETECTION OF THE NON- 
PALPABLE BREAST CARCINOMA* 


By IRWIN M. FREUNDLICH, M.D.,t JOHN D. WALLACE, A.B. and 
GERALD D. DODD, M.D.$ 


ESPITE surgical and medical ad. 

vances in the treatment of breast 
carcinoma, the mortality rate remains un- 
changed.'??? Tt has been established that 
patients without axillary lymph node 
metastases at the time of surgery have a 
greater chance of survival than those 
with axillary lymph node involvement and 
the percentage of patients with axillary 
Iymph node metastases increases directly 
with the size of the lesion.’ In addition, 
it has been reported that lesions discovered 
by mammography, in particular those too 
small to be detected by palpation, have a 
lower incidence of axillary lymph node 
metastases.?^ ^" [n these patients, there- 
fore, an improved mortality rate may be 
presumed. Ín order to detect the small, 
preclinical lesions, some type of population 
screening 1s mandatory. Shapiro and his 
co-workers reported an improved mor- 
talty rate in a large series of patients 
screened by mammography. Mammog- 
raphy, however, because of the time needed 
to carry out and interpret the roentgeno- 
grams, probably would be limited to high 
risk groups. Thermography, on the other 
hand, is rapidly performed and interpreted. 
A thermogram is quickly scanned for sus- 
picious areas and may be quite suitable for 
population screening, 


THERMOGRAPHY 


The thermogram is a pictorial represen- 
tation of infrared emission from the skin. 
Lawson® in 1956 was the first to apply 
these principles to the detection of breast 





bic. 1. (4) Normal thermogram, anterior view. (B) 
Normal thermogram, oblique view of right breast. 


cancer. Later work by Lloyd-Williams 
et al) and by Gershon-Cohen and his 
group*? further demonstrated the ther- 
mogram's clinical potential. In addition 
to its potential usefulness as a screening 
method, the thermogram is particularly 
helpful in excluding malignancy in the pre- 
menopausal patient or in any patient whose 
breasts are dense and difficult to interpret 
by mammography and clinical palpation. 
Wallace and Dodd, using a Smith Pyro- 
scan Unit, modified the thermographic 
procedure. Because the eve perceives more 
shades of gray at the dark end of the black 
to white scale, the polarity of the thermo- 
gram was reversed so that warm areas are 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September, 26-29, 1967. 
T Associate in Radiology, Jefferson Medica! College Hospital, Philadelphia, Pennsylvania. 

i Assistant Professor of Radiology (Medical Physics), Jefferson Medical College, Philadelphia, Pennsylvania. 

§ Director, Department of Diagnostic Radiology, M. D. Anderson Hospital and Tumor Institute at Houston, Houston, Texas. 
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VENOUS DIAMETER RATIO 


Dodd and Wallace? also devised a mam- 
mographic venous diameter ratio (VDR). 
This ratio 1s obtained in the absence of an 
obvious mass by measuring the diameter of 
the largest vein in either breast and com- 
paring it with the diameter of the vein 
draining a comparable area in the opposite 
breast. If a mass 1s present, the eS vein 
in the vicinity of the mass is measured and 
compared with the opposite breast. Mea- 
lic. 2. Normal thermogram with prominent veins, Strements are made by using a 7 power 

anterior view of left breast. “eyepiece” magnifier * with a 20 mm, scale 

in o.1 mm. divisions. The ratio of 1.4:1 

darker than cool areas. Newspaper facsimile was used as the arbitrary point above which 

amy 1S used rather than Polaroid flm the » ion was considered malignant and 
(Fi ig, ei and | B; and a * Bausch and Lomb. 








Vic. 3. Patient A.N. LO Mammogram of right breast showing normal venous distribution. (5j Mammogram 


of left breast with a similar venous pattern but with a large vein in the nipple area (narrow arrows). The 
venous diameter ratio (VDR) using this vein was 1.6:1, Wide arrow indicates carcinoma. 
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below which, benign. A true positive rate 
of 75 per cent in 274 proven cases was 
found using only this parameter. The VDR 
may serve as not only the confirmatory 
measurement following a positive thermo- 
gram, but in the case of a very small car- 
cinoma or one obscured by benign disease, 
it is of assistance in localizing a biopsy 
site (Fig. 5, 4 and B). 

In the detection of the nonpalpable 
lesion the use of thermography and the 
venous diameter ratio as tandem proce- 
dures has been employed. All patients re- 
ferred for mammography also have a breast 
thermogram. In the reading procedure the 
thermogram is scanned initially. The ve- 
nous diameter ratio is then calculated, fol- 
lowed by the routine screening of the mam- 
mogram for mass lesions. In the presence of 
benign breast disease, in particular the 
premenopausal patient with dense breasts, 
a negative thermogram and a negative 
VDR are of great assistance in concluding 
that no malignancy is present. On the other 
hand, the radiologist is frequently alerted 
to the small, nonpalpable lesion by the 
presence of a positive thermogram and a 
high venous diameter ratio (Fig. 4, A-E). 
In three of our patients the positive ther- 
mogram and VDR indicated that a malig- 
nancy was present and these cases were 
later proven in the absence of either a pal- 
pable mass or a visible one on the original 
mammogram (Fig. 5, 4, B and C). The de- 
tection of the nonpalpable lesion in the 
past has been for the most part dependent 
on the presence of calcification or upon the 
isolation of the lesion in a breast replaced 
by fat. The thermogram and VDR have 
led us to biopsy several positive cases, in 
which a lesion could not be clearly defined 
on the mammogram. Benign breast disease 
may obscure the borders of a small carci- 
noma, the presence of which is usually clear- 
ly signalled by a positive thermogram and 
high venous diameter ratio (Fig.6, 4—D). 

Occasionally a benign lesion will increase 
the vascularity causing a positive thermo. 
gram and venous diameter ratio. This type 
of lesion on biopsy has proven to be pre- 


Thermography and the Venous Diameter Ratio 
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hic. 4. Patient C.E. (4) Oblique thermogram of 
right breast showing large area of increased heat 
emanation. (B) Oblique thermogram of left 
breast showing normal venous distribution. 


dominantly cystic ductal hyperplasia, scle- 
rosing adenosis, a ductal papilloma or a 
fibroadenoma. Many benign lesions of the 
breast have been biopsied in the past on 
the grounds of physical examination alone. 
There is no question that many benign 
lesions are biopsied on the grounds of a 
mammography report. The thermogram 
and venous diameter ratio, however, can 
shift the emphasis from biopsies of fibro- 
cystic breasts and other benign palpable 
lesions to biopsy of small lesions based on 
an increase in vascularity. Biopsy on the 
latter basis should yield a higher percen- 
tage of nonpalpable carcinomas. In the 
past year 6 nonpalpable carcinomas have 
been detected; none had evidence of axil- 
lary lymph node metastases. 

Bilateral carcinoma presents a problem 
as the venous diameter ratios are often 
negative. We have collected a total of 21 
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Fic. 4. Patient C.E. (C) Mammogram of right 
breast. Arrow indicates the anges vein in the 
breast. The VDR was 1.4:1. (D) Mammogram of 
left breast. Arrow indicates the vein draining a com- 
parable area of the left breast. (E) Close-up of 
superior aspect of right breast. Arrow indicates 
nonpalpable carcinoma. 


patients with nonpalpable carcinoma and § screening procedure has been initiated. In 
of these were bilateral; 4 were palpable on the case of a positive thermogram complete 
one side and 1 was not palpable on either D ML LR is carried out. Four hun. 
side. Of the 16 unilateral nonpalpable dred and sixty-seven of these women have 
carcinomas, 13 had positive venous diame- been screened to a ate and one nonpalpable 
ter ratios and 15 positive thermograms. carcinoma was detected. Several other 
A pilot study of an asymptomatic group carcinomas were also found in this group, 
of patients using thermography alone asa but these were palpable. 
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mography in mass screening procedures for 
breast cancer. 

The method is fast, economical and 
reliable for performing mammography witha 
minimal radiation dose. It is presented only 
as a screening procedure. 

Suspicious cases can and should be 
checked with conventional mammography. 
Philip Strax, M.D. 

1056 Fifth Avenue 
New York, New York 10028 
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ROENTGEN MANIFESTATIONS OF 
-  VAGINITIS EMPHYSEMATOSA 


By JOSEPH F. 


vo sENTTIS emphysematosa, a benign 

limiting condition involving the 
cervix and vagina, is characterized by the 
presence of gas-filled cysts beneath the 
epithelium of the cervix and vagina. 
While the physical appearance may be 
confusing, the roentgenologic characteris- 
tics are distinctive and the di agnosis, in 
manv instances, may be readily ade In 
this manner. We were alerted to the roent- 
genologic manifestation by lF'rancke s?report 
in 1961. More recently, Whalen and Ziter!" 
reported a second case. To these 2 pre- 
viouslv reported instances, which estab- 
lished the roentgenologic characteristics, 
we present 4 additional cases. 


REPORT OF CASES 


Case L Mrs. M. S., a 41 year old gravida v, 
Para 3 Negro female was admitted to the hos- 
pital in early labor with vaginal spotting. [t had 
been 16 years since her last pregnancy. Roent- 
genograms were obtained on admission (Fig. 1 
4 and B). After a 4 hour labor, she was de- 
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livered with low forceps, under a pudendal 
block anesthesia, of a full term female. 


Case Mrs, E. K.a 41 year old gravida iv, 
Para 3 white female was admitted to the d 
pital and. delivered spontaneously, under gen- 
eral anesthesia, after a 6 hour "e 40 minute 
labor. Roentgen studies had been obtained the 
day before admission because she was 1 month 


past EDC (Fig. 2, ,7 and B). 


Casein. Mrs. C. H., a 31 year old gravida 
i, Para 1 white female delivered a full term 
male spontaneously under general anesthesia, 
after a 3 hour and 14 minute labor. Vaginal 
examination after delivery revealed bullae 
beneath the mucosa of the cervix and upper 

vagina, In the fornix these bullae resembled a 
cluster of varicosities. Several of the cystic 
spaces ruptured during labor (Fig. 3, Z and B). 


Caseav. Mrs. T. H., a 28 year old gravida 11, 
Para I EON female had roentgenographic ex- 
amination 1 month prior to delivery. Abdom- 
inal roentgenograms revealed collections of gas 
in the vagina. Direct examination. confirmed 





. Case 1. C4) Anteroposterior roentgenogram showing numerous small, ovoid radiolucencies above and 


below the symphysis pubis. (8) Lateral view of pelvis demonstrates a long, thin, crescent shaped collection 


of gas below the engaged fetal head extending trom the symphysis to the presacral region, 


spaces are noted anteriorly. 


Isolated cystic 
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aginitis Emphysematos 





bic. 2. Case u. C4) Anteroposterior roentgenogram shows a large aggregation of small gas-hlled cysts above 
the symphysis. (8) In the lateral projection, cystic spaces are well demonstrated in the plane of the mid- 


the roentgen observation. Smears of vaginal postmortem examination and a high per- 
secretions established the presence of Tri- centage of these patients died of cardio- 
chomonas vaginalis (Vig. 4, 4 and B). 'ascular or respiratory ailments. 

In 1964, Gardner and Fernet? reviewed 
the literature and collected 155 cases in 
Although all of our cases were associated which the diagnosis was made by physical 
with pregnancy, and while many instances examination, biopsy or autopsy. Classi- 
of the abnormality previously reported cally, the gross appearance is characterized 
were similarly associated, the lesion is not by tumor-like projections several mili- 
necessarily peculiar to the gravid state. meters to several centimeters in diameter 


» 


DISCUSSION 





* IU 


Forty-three? instances were discovered at and is confined largely to the cervix and 








bic. 3. Case un. (A) Anteroposterior view of the pelvis a few hours following delivery. A small collection of 
radiolucent shadows is observed above the symphysis. (B) In the lateral view, gas shadows are located in 
the central third of the midpelvic plane anterior to the rectum and well posterior to the symphysis. 
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Fic. 4. Case 1v. (4). Anteroposterior roentgenogram of the abdomen. Numerous small radiolucencies are 
seen immediately above the symphysis. (2) In the lateral view, areas of emphysema are again observ ed In 
the central one-third of the midpelvic plane. 


upper two- thirds of the vagina. Gardner 
and Fernet* stated that the condition has 
been confused with practically every other 
lesion that can involve the vagina. As a 
rule, however, if the physician 1s aware of 
this entity, the diagnosis is fairly evident. 
Gardner and Fernet? emphasized that the 
presence of "granular vaginitis” should 
arouse the suspicion of vaginitis emphy- 
sematosda. 

The outstanding microscopic. feature 
consists of clear cystic spaces of varving 
size. These are often | multiloculated 
throughout the subepithelial tissues. A 
synevtium of giant cells may line, or par- 
tially line, some of the cavities. Abell! 
stated that lesions thought to be of recent 
origin appear to be under tension and result 
in compression of the adjacent stroma. 
Verv little cellular reaction is present in 
new lesions, while around the older lesions 
an accumulation of lymphocytes, mononu- 
clear cells, and multinucleated giant cells 
may be seen. Hyperplasia of the squamous 
epithelium i is commonly observed and may 
result in a pseuc idoepitheliomatous appear- 
ance. Dilated veins and lymphatics deep 
in the vaginal wall may be seen, and dila- 
tation of the capillaries and venules im. 


mediately beneath the epithelium is also 
occasionally noted. 

Ingraham and Hall? collected gas for 
ani aly sis and found it to be 21 per cent oxy- 
gen by volume. Hotman and Grundfest? 
found CO, to be 820 per cent by volume. 
Gardner and Fernet's* findings by spectro- 
graphic analysis were as follows: nitrogen 

7.2 per cent, oxygen 20.8 per cent, argon 
1.2 per cent; CO, was not identified. In our 
fourth case we attempted to aspirate gas 
for analysis, but were unsuccessful. The 
precise gas composition remains in doubt 
and mav vary in different instances of the 
disease. Continued attempts at gas analysis 
should be encouraged for it is possible that 
several different pathogenetic mechanisms 
may be operative. 

Several theories? have been advanced to 
explain the origin of the gas. One of the 
most attractive is that gas-forming or- 
ganisms become entrapped in adherent 
vaginal folds. Another closely related theory 
is that the evsts originate from dilated 
lymph spaces infected by bacteria. A 
mechanical theory has also been suggested 
— "atmospheric air being forced into the in- 
terstitial spaces of the vagina. 

In the microbiologic investigations of 
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Gardner and Fernet,! Trichomonas vaginalis 
infection was found in 7 cases and He- 
mophilus vaginalis m 3. In our fourth case, 
Trichomonas vaginalis was present, and 
following control of the infection, the lesion 
disappeared, This is similar to Gardner 
and Fernet’s experience. 

In support of the proponents of the in- 
fection theory, Newton ef al. demonstrated 
the development of gas in the subcutaneous 
tissues In germ-free guinea pigs following 
the injection of a human strain of Tricho- 
monas vaginalis. 
a mass spectrometer revealed the presence 
of the usual blood gases in most instances. 
Twenty-six per cent hydrogen was found 
in one instance, however. 

Pregnancy is thought to a 
vaginitis emphvsematosa because of « 
velopment of increased vascularity, | in- 
creased estrogen, and increased glycogen 
content. These changes, it is thought, may 
be of importance in creating an environ- 
ment favorable to the growth of certain 
organisms. Why the lesion occurs in older 


individuals with cardiovascular and res- 
piratory disease is even more uncertain. 


The roentgen findings of vaginitis em- 
physematosa are characterized by an ovoid 
collection of varying-sized gas shadows over 
and above the symphysis. In the lateral 
projection they are grouped in a rectangu- 
lar fashion in approximately the mid- 
sagittal plane at the midpelvic level. As 
the presenting part engages, the cystic 
spaces become more widely dispersed above 
the symphysis and, in the lateral projec- 
tion, extend from the presacral area almost 
to the symphysis. In our Case 1, as a result 
of the deeply engaged head, a long sickle- 
shaped radiolucent shadow was observed 
below the fetal calvarium. Cystitis emphy- 
sematosa must be considered in the differen- 
tial diagnosis and pvelographv may be 
required to exclude it. Certainly, the radiol- 
ogist is in a position to alert the gvnecolo- 
gist of the possible existence of this entity. 

Roentgenographically, similar lesions are 
observed in pneumocholecvstitis, cystitis 
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emphysematosa, emphysematous gastritis, 
and pneumatosis intestinalis.? The clinical 
coincidence of diabetes melfitus and infec- 
tion with gas- producing organisms, seems 
to be operative in the eallblad lé and 
urinary bladder. The association of diabetes 
mellitus and vaginitis emphysematosa has 
been mentioned only once.! In both gross 
appearance and clinical 1 behavior, pneuma- 
tosis intestinalis and vaginitis emphysema- 
tosa are more analogous than the other 
entities. Keyting ef al. have shown that 
pneumatosis intestinalis may be associated 
with chronic pulmonary disease. In this 
instance, it 1s thought that air gains access 
to the mediastinum as a result of alveolar 
rupture, then enters the abdomen retro- 
peritoneally, and finally reaches the bowel 
bv angiomatous routes. Ín our opinion, 
isolated emphysema of the vagina would be 
difficult to explain by this mechanism. We 
point this out because pneumatosis intes- 
tinalis with vaginal involvement has been 
mentioned by two authors,’ but in our 
search of the literature we have been unable 
to find either a well-documented clinical 
example or roentgenologic confirmation. 


CONCLUSIONS 


1, Vaginitis emphysematosa is a lesion 
which can be easily diagnosed roentgeno- 
graphically, 

Four cases are reported with positive 
roentgenographic findings. The first. sus- 
picion of the lesions was aroused bv roent- 
gen studies in 3 of our 4 cases. 


Joseph F. Wepfer, M.D. 

St. Joseph's Hospital 

sooo W. Chambers Street 
Milwaukee, Wisconsin 3210 
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APPARATUS FOR CEREBRAL ANGIOGRAPHY* 


GAINESVILLE, FLORIDA 


OR the convenient performance of 

cerebral angiography, particularly by 
the femoral route, we have adapted and 
modified commercial equipment and added 
some that is new, borrowing ideas from 
many sources including the Department of 
Radiology at the University of Chicago. 
Our principal objectives were: 

I. Provision of television fluoroscopy 
from the femoral region to the vertex with- 
out “blind spots." 

2. Construction of a narrow, radiolucent 
headrest projecting from one end of a 
Huoroscopic tabletop so that the side of 
the head might be brought close to the 
surface of the vertical member of a pair 
of to inch by 12 inch Schónander cut film 
changers. 

3. Ability to bring the full width of the 
tabletop over the frontal changer for the 
filming of other body parts (Fig. 5). 

4. Arrangements for easily rotating the 
assembly of biplane film changers and at- 
tached x-ray tubes through 180° so that 
either the right side or the left side of the 
head may be brought close to the lateral 
film. 

$. Possibility for the operator to work 
from either side of the fluoroscopic table. 

6. À convenient means of elevating the 
patient's shoulders to put tension on the 
anterior surface of the neck when injection 
is to be made directly into neck vessels. 

Major components are a modified Philips 
catheterization table and a pair of Schénan- 
der 10 inch by 12 inch cut film changers 
with associated frontal and lateral x-ray 
tubes, the changers and tube arms being 
mounted on a turntable which rests on a 
wheeled truck (hereafter referred to as the 
dolly) running on tracks anchored to the 
floor. New construction and modifications 
were done in the experimental shops of the 
University of Florida Medical Center by 





Fic. 1. Frame of tabletop. A. Side rails. B. End piece 
at foot of frame (retained). C. End piece at head 


end cf frame (replaced by sheet magnesium). 


Mr. Charles Rabbit and other members of 
the staff of the shop director, Mr. Ovid R. 
Gano.* 


CATHETERIZATION TABLE 


As supplied by the manufacturer this 
table consists of a 20 1/2 inch by 89 inch 
radiolucent tabletop capable of movement 
laterally and longitudinally on a fixed base. 
The unmodified top is not suitable for 
cerebral angiography because it does not 
allow bringing the side of the patient's 
head into contact with the lateral film and 
if the image amplifier is placed inside the 
base, the patient's head and neck cannot be 
brought into the fluoroscopic field. The 
latter difficulty can be overcome by mount- 
ing the amplifier on a bracket protruding 
from the base (Fig. 3) and the former by 
providing a radiolucent headrest 12 inches 
wide and 15 inches long projecting from 
the end of the tabletop (Fig. 2). 

TABLETOP 

The simplest way to provide such a 
headrest would be to bolt one to the end of 
the otherwise unmodified top, but to do so 
would leave a fluoroscopic “blind spot” 
where the heavy steel end piece of the 
frame crosses the field of vision (Fig. 1). 
On the other hand, merely to remove this 


ings for a nominal charge by application to Mr. Ovid R. Gano, 
Bio-Electronica Shop, University of Florida Medical Center, 
Gainesville, Florida 32601. 


* From the Department of Radiology, University of Florida, College of Medicine, Gainesville, Florida, 
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Vic. 2. Headrest and rails at head end of table. A. 
Side rails. B. Blocks bolted to ends of rails. C. 
Sheet plastic top. D. Sheet magnesium (1, 16 inch) 
extending to dotted line. E. Machine screws an- 
choring plastic-magnesium sandwich to rails. F. 
Radiclucent headrest projecting beyond end of 
frame. 

The arrangement provides a top of adequate 
strength in spite of the omission of the heavy steel 
end piece from the head end of the frame. Unlike 
the steel, the “sandwich” of magnesium cemented 
to plastic interposes little obstruction to the x-ray 
beam, 


end piece would weaken the top to an un- 
acceptable degree. We solved the dilemma 
in the following manner: The plastic top 





Vic. 3. Apparatus arranged for fluoroscopy of femoral 
region. A. Image amplifier on bracket attached to 
tablebase. B. Plumbicon T.V. tube. C. Ceiling 
mounted x-ray tube located directly above center 
of amplifier. D. Assembly of tube arms and film 
changers (shown in position. for left cerebral 
angiography). E. Screw for occasional displace- 


ment of lateral x-ray beam above or below center of 


lateral film. 
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was removed from its frame and a sheet of 
strong but highly radiolucent magnesium 
was cemented to the under surface at one 
end. This magnesium is 1/16 inch thick, 
1g inches wide and 24 inches long. When 
the cement had cured for 24 hours, 4 1/4 
inch by t£ inch segments of the "sandwich" 
were sawed out at either corner leaving a 
median, tongue-like projection. 12 inches 
wide and rs inches long to serve as the 
headrest (Fig. 2). The steel end piece was 
removed from the head end of the frame 
(Fig. 1) and the top bolted back on to the 
side rails with the headrest projecting 1§ 
inches bevond the end of the frame. This 
left a gap of 15 inches at the foot end of the 
top, a nonsensitive region which could be 
filled in with plastic cemented to sheet 
aluminum. 





Fic. 4. Apparatus arranged for fluoroscopy of head 


(fuoroscopic tube not vet in position}. A. Image 
amplifier directly beneath headrest. B. Headrest. 
C. Inflatable pad on which patient's shoulders 
will rest (not shown are motor-driven air compres- 
sor inside base and switch and air valve on far side 
of base). D. Assembly of tube arms and film 
changers in position for right sided angiography. 
E. Support for frontal tube arm. V. Support for 
lateral tube arm. G. Counter-weight for frontal 
tube arm. 
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When the top, thus modified, was reat- 
tached to its carriage on the base, it ap- 
peared to have the necessary rigidity, an 
impression which has been confirmed by 
several months of active clinical use. 


TABLEBASE 


A right angled bracket bolted to the 
head end of the base carries a Philips ; 
inch image amplifier and a Plumbicon T. V. 
camera, the center of the amplifier window 
lying 2 1/4 inches below the under surface 
of the tabletop (Fig. 3). With the top dis- 
placed as far as it will go toward the foot 
end of the base and the patient's head 
centered on the headrest, the entire head is 
within the fluoroscopic field (Fig. 4), and 
with the top displaced as far as it will go 
in the opposite direction, the field of 
fluoroscopic vision extends bevond the 
femoral region (Fig. 3). If one looks criti- 
cally, he can see that the brilliance of the 
fluoroscopic image is slightly greater where 
radiation. passes through the plastic top 
alone, and slightlv lower where magnesium 
is interposed as well; however, the dif. 
ference is so small that it can be easily 
overlooked and is of no clinical significance. 


AIR CUSHION TO ELEVATE SHOULDERS 


Within the base, in place of the image 
amplifier, we have mounted a small elec. 
trically operated air compressor intended 
for spraying paint. Air from the compressor 
passes through rubber tubing to a pneu- 
matic cushion designed by Mr. Anthony 
Konopka, R.T. and supplied commerci ally 
by the Hogan X-ray Company of Phila- 
delphia. The deflated cushion lies beneath 
the patient's shoulders (Fig. 4) and when 
It Is necessary to raise his shoulders, the 
operator closes a relief valve on the hose 
line and operates the compressor motor 
until the desired degree of cushion inflation 
has been reached. To deflate the cushion, 
he opens the relief valve. 


X-RAY TUBES 


Three x-ray tubes are employed. One of 
them, carried on a conventional ceiling 
tube crane, is used for fluoroscopy ( Fig. 3) 
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luc. $. Apparatus arranged for thoracic aortography. 
A. Frontal changer shifted 6 1/2 inches laterally to 
allow bringing full width of tabletop over frontal 


flm. B. Tabletop positioned over frontal film 
changer. C. Ceiling-mounted tube shifted from 
fluoroscopic to filming position. D. Rigid frontal 
tube arm angled out of the way. E. Ear-like pro- 
trusions (one at either side of the dolly) to carry 2 
of the 8 roller bearings on which turntable rides. 


and for the occasional making of thoracic 
aortograms 1n connection with cerebral 
angiography. (It is used also for pneumo- 
encephalograms with a special chair not 
shown here.) The other two x-rav tubes, 
mounted on rigid arms incorporated in the 
film changer assembly, are used for taking 
frontal and lateral cerebral angiograms 
(hig: 6). 

When the operator moves the fluoro- 
scopic tube into position directlv over the 
image amplifier, magnetic latches hold it 
in that position and with the frontal control 
stand set at “fluoroscopy,” the tube oper- 
ates at r.5 ma. and ŝo kv. when a foot 
switch is closed. 

For the special situation of thoracic 
aortography, this tube is moved from its 
fluoroscopic position to a point directly 
above the center of the (laterally displaced) 
frontal film changer and it, rather than the 


Mes 
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Apparatus arranged for left sided angtog- 
A. Frontal x-ray tube. (Arms shown with 


Ido. ©: 
raphy. 
frontal beam at go? to frontal him. By means ofa 
pivot, lying in the plane of the frontal film, the 
beam may be angled in either direction away nom 
the perpendicular.) B. Lateral tube with its beam 
centered at center of lateral Alm Gt may be shifted 
slightly above or below center). C. Frontal changer 
(shown in its normal position Jn contact with 
lateral changer). D. Lateral changer. E. Beam 
collimator on lateral tube. F. Lever for operation 
of « inch by ¢ inch stop. G. Collimator on frontal 
tube. H. Light localizers. (They cast bright cross 
marks defining centers of the two beams.) I. Trans- 
formers supplying 6 volts A.C, to localizer lamps. 


regular frontal tube, is placed in circuit by 
the programmer ( (Fig. g). The reason for 
the substitution of tubes and the means of 
accomplishing it are explained later in this 
Are. 


ASSEMBLY OF FRONTAL AND LATERAL 
SCHONANDER CUT FILM 
CHANGERS 


The two film changers and associated 
programmer are of the electronically syn- 
chronized type which allows making frontal 
and lateral roentgenograms at a single 
injection of contrast medium with a mini- 
mum of cross fogging. This makes tt pos- 
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sible to use linear rather than cross hatched 
grids, thus allowing angulation of the tron- 
tal beam for certain views and, in some 1n- 
stances, the centering of the ET beam 
above or below the center of the film. The 
manufacturer supplies a tripod stand for 
the lateral changer and the frontal changer 
has casters so that it can be rolled along 
the floor and arranged with one side close 
to the plane of the lateral film. For both 
changers, free standing (or free hanging) 
x-ray tubes usually are used. We have 
modified the tripod, somewhat in the man- 
ner used at the University of Chicago, tying 
the two changers together and providing 
supports (Fig. 4) for special tube stands 
presently to be described (Fig. 6). For 
cerebral angiography the longitudinal axis 
of the frontal film les 7 inches away from 
the plane of the lateral film. When the 
frontal beam is to be directed at go” the 
transverse axis of the frontal film coincides 
with the longitudinal axis of the lateral 
film, but when the beam is angled away 
from the perpendicular, the transverse axis 
of the frontal film is displaced 1 1,2 inches 
in the appropriate direction to correct for 
image drift (Fig. 7). 

In thoracic aor togr raphy only the frontal 
enanger is used and it must be moved 
6 1/2 inches away from the lateral changer 
(Fig. z) to allow room for bringing the full 
width of the tabletop into position over the 
frontal film. When this has been done a 
micro switch, activated by the base of the 
changer, switches programmer and control 
circuits to the ceiling-mounted x-ray tube. 


SPECIAL TUBE STANDS 


Substantial brackets attached to the 
tripod for the frontal changer carry the 


frontal and lateral x-ray tubes (Fig. 4). 
In both instances target-film distance is 
fixed at 36 inches and rectangular colli- 


mators measuring 42 5X8 inches define 
ro inch by 12 inch fields on the two films. 
Stops he eld in place by magnetic latches 
may his ipe to furt de restrict d to 
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indicating the centers of the frontal and 
lateral x-ray beams. The lateral beam nor. 
mally is fixed at the center of the lateral 
film but by means of screw adjustment it 
may be elevated above or below that cen. 
ter. The frontal beam is centered at the 
longitudinal axis of the frontal film and 
may be angulated from the go? position 
toward the head or toward the feet until 
the angle is as small as 65° (usu ally not less 
than 75°). The axis of rotation of the fron. 
tal tube arm lies exactly at the plane of the 
frontal film. When the frontal beam is at 
go’, the frontal changer is used in its cen- 
tral position. When the beam is angled 
away from go° the changer is shifted 1 1/2 
inches in the appropriate direction. 


DOLLY AND TURNTABLE 


The assembly of tripod, frontal and 
lateral changers and frontal and lateral 
tube stands is bolted to a sheet aluminum 
disk $/8 inches thick and 48 inches in 
diameter. This disk serves as a turntable 
turning on an aluminum dolly, 5/8 inches 
thick, 48 inches long and 40 inches wide 
with ear-like circular segments enlarging 
the width at the center to 48 inches (Fig. 
5). 

A 1 inch steel shaft, rising from thecenter 
of the dolly, passes through a brass bearing 
at the center of the disk and 8 roller bear- 
ings, equally spaced near the edge of the 
dolly, carry the weight of the disk-ch anger- 
tube-stand assembly. 

Six additional roller bearings serve as 
wheels for movement of the dolly toward 
or away from the table on tracks attached 
to the floor, Nineteen inches of dolly move- 
ment is possible and a manual lock is pro- 
vided to fix the dolly when the desired posi- 
tion has been reached (Fig. 8). 

The turntable may be rotated throu gh 
180° and locked at either end of such rota- 


rotating the assembly from the position for 
a right sided angiogram to that for a left 
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Fic. 7. Details of changers, turntable and dolly 
(frontal beam angled 75° toward feet). A. Frontal 
changer. (This is shifted 1 1/2 inches below central 
position to compensate for image drift incident to 
angulation of frontal beam.) B. Lock for frontal 
changer. (There are 3 tapped holes in the disk to 
receive the changer lock. With lock in central 
hole, transverse axis of frontal film is aligned with 
longitudinal axis of the lateral. As shown here, 
with lock in lower hole, the transverse axis of the 
frontal is displaced 1 1/2 inches below the longi- 
tudinal axis of the lateral.) C. One of the two light 
localizers on the lateral collimator. 


sided examination causes a minimum of 
twist and tension of cables. 


EXAMPLES OF CLINICAL APPLICATION 
LEFT CAROTID ARTERIOGRAPHY BY 
FEMORAL ROUTE 

The turntable is rotated so that the 
plane of the lateral film will be at the left 
side of the patient’s head and locked in 
that position. The dolly is moved away 
from the table to the end of its travel and 
the ceiling mounted x-ray tube is locked 
in position directly above the center of the 
image amplifier (Fig. 3). 

The patient is placed, back down, on the 
table with his head centered on the head- 





Turntable 


Locks for turntable and dolly. A. 
(In this view the disk is in intermediate post- 
tion to facilitate work of photographer making the 
exposure for this figure. In practice, turntable is 
rotated into full right or full left position and 
locked there by threading stem of lock into tapped 
hole in dolly beneath a drilled port in the disk.) B. 


FIG., 8. 


lock! 


Dolly lock. (When the lock is screwed down, a 
neoprene covered clamp grips the metal strip 
locking the dolly at any desired point along its 3g 
inches of travel.) C. Disk of turntable. D. Wheeled 
dolly running on track. E. Track. F. Metal strip 
for dolly lock. 


rest and the tabletop shifted until the fem- 
oral region is in the fluoroscopic field. 
As a catheter is passed up through the 
abdominal and thoracic aorta, the tabletop 
is shifted again and again to keep the 
catheter tip in the held, the process being 
continued (sometimes LS ery small test 
injections) until the tip has been lodged in 
the desired neck vessel. 

Meanwhile the magazines of the changers 
have been loaded and the frontal tube-arm 
located at the desired angle following 


which the tabletop is shifted to the end of 


its travel bringing the center of the head- 
rest over the center of the frontal film (or 
1 1/2 inches above the center if the ri adia- 
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tion is to be angled toward the patient's 
feet). By means of the light localizers final 
adjustment of the head is made after which 
the tabletop is drawn back long enough to 
allow application of immobilizing straps 
and then relocated in its former position 
relative to the two x-ray beams. 

Turning on the Schónander programmer 
automatically puts the overhead fluoro- 
scopic tube out of circuit and brings the 
two rigidly mounted tubes into circuit 
readv for biplane filming as soon as the 
injection has been made. 

When carotid injection is to be made by 
needle, directly into neck vessels, usually 
fluoroscopy is not employed, but if desired 
it may be used for test injections. 


THORACIC AORTOGRAPHY 


The frontal film changer is moved 6 1/2 
inches laterally from its normal position 
(Fig. 5) thus activating a microswitch 
which puts the ceiling mounted tube in the 
programmer circuit rather than the tube 
carried by the rigid arm. Until the program- 
mer is turned on, the ceiling tube is used 
for fluoroscopy (Fig. 3), but when that has 
been completed and the programmer is 
turned on, the ceiling tube takes over fron- 
tal filming. (The lateral tube and changer 
are not used for this work.) The ceiling 
tube must be moved by hand from its 
former position above the image amplifier 
to a point directly over the center of the 
frontal film. When all this has been done, 
the tabletop is shifted laterally so that its 
full width clears the front of the lateral 
changer and then shifted longitudinally 
until the desired part of the patient's 
chest is centered in the field of radiation. 

This substitution of a ceiling mounted 
x-ray tube for a rigidly mounted tube 
avoids the much more massive construc- 
tion which would be necessary if the rigid 
tube had a screw adjustment allowing it to 
be moved 6 1/2 inches farther away from 
its supporting arm. Since we have other 
facilities for general aortography and the 
examination is needed only occasionally in 
connection with cerebral angiography, this 
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substitution of tubes, although somewhat equipment in the taking of left caro.id 
clumsy, proves to be a practical expedient. arteriograms and thoracic aortograms is 
* + 
also discussed. 
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designate; Everett Shocket; Ashbel C. Williams; 
Mario Vuksanovic; John S. Stewart; Harvey P. 
Groesbeck. i 


Publication Committee: Harry Hauser, Chairman, 
Cleveland, Ohio; Martin Van Herik; Robert ]. Bloor. 

Public Relations Committee: Everett Shocket, 
Chairman, Miami Beach, Fla.: Harvey P. Groesbeck; 
Antolin Raventos; Luther W. Brady, ex officio. 


Janeway Lecture Committee: Clifford L. Ash, Chair- 
man, '69, Toronto, Canada; A. N. Arneson, 71; 
Milford D. Schulz, '73. 


Representatives on the American Board of Radiology: 
Donald S. Childs, Rochester, Minn.; Justin J. Stein, 
Los Angeles, Calif.; Ralph M. Scott, Louisville, Ky. 


Liaison Representatives on the National Council on 
Radiation Protection and Measurements: Herbert M. 
Parker, Richland, Wash.; Marvin M. D. Williams, 
Rochester, Minn, 


Representative on the Board of Chancellors af the 
American College of Radiology: Charles G. Stetson. 


The Fiftieth Annual Meeting of the Society will 
be held at the Hotel Fontainebleau in Miami Beach, 
Fla., April 7-11, 1968. 
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REGIONAL MEDICAL PROGRAMS 


An Opporruniry FOR Cooperative EFFORT 


HE development of regional medical 

programs presents a Dartieuiar op- 
portunity for radiologists. With the con- 
tinued rapid i Increase in science and medi- 
cal knowledge, specialization within dis- 
ciplines has been increasing. Furthermore, 
the incidence of certain diseases or the 
need for specialized equipment and infor- 
mation to undertake particular studies may 
be of such a magnitude that a concentra- 
tion of effort would bring forth improved 
patient care. In the ‘ ‘Report to the Presi- 
dent—Volume II," the Commission on 
Heart Disease, Cancer and Stroke stated 
that a 1961 survey “in the United States 
showed that 60 per cent of hospitals 
equipped with cardiac catheterization fa- 
cilities performed fewer than £o catheteri- 
zations per vear; 79 per cent of those with 
angiocardiogi 'aphic facilities did fewer than 
sO angiocardiograms per year; and 77 per 
cent of all hospitals equipped for open- 
heart surgery performed fewer than ṣo 
open-heart operations per year. Many 
hospitals did not use their facilities at all.” 
Apart from the obvious increase in the 
cost of medical care which the inadequate 
use of equipment and space engenders, 
the radiologic discipline includes some pro- 
cedures and techniques which would be 
better executed if centralized to a greater 
or lesser degree. Although anvone's list 
for what should be centralized for the 
benefit of the patient would varv, it might 
include in the field of nuclear medicine 
those procedures which require one of the 
rapid-scanning devices such as a gamma 
ray counter. In the same field, certain 
studies require computer coupling to the 
scanning device to be used in procedures 


such as comparing inhalation lung scans 
with perfusion lung scans. 

Concentration of radiotherapy patients 
into relatively few centers has long seemed 
a desirable device to reduce costs, increase 
physician experience, and at the same time 
make available for the patient more so- 
phisticated equipment than is usually 
available in modest supervoltage installa- 
tions. This would include beams of mega- 
voltage energy with improved field defini- 
tion. A large penumbra on a machine used 
for rotation therapy can negate the ad- 
vantages of high energy as compared with 
an orthovoltage unit. Electron beam ther- 
apy and equipment providing unusual 
motions or field controls are required per- 
haps by 10 to 1$ per cent of all therapy 
patients. These advantages, however, can 
be provided with some centralized center 
planning. 

The over-proliferation of angiographic 
facilities has already been documented as 
mentioned above. In diagnostic radiologv, 
therefore, a list for centralization of fal 
ities could be those related to selective 
coronary angiography and other selective 
arterial procedures for diagnosis or organ- 
localized drug therapy. Hypocycloidal mo- 
tion was believed to be demonstrably "ad- 
vantageous according to the diagnostic 
radiologists polled in 10 to 30 per cent of 
those examinations requiring laminagraphy. 
And then, there are a host of procedures 
which cannot be classified as adroitly as 
the examples mentioned which are uncom- 
mon and which would best be performed 
by a diagnostic radiologist who would 
have the opportunity of retaining his skill 
because of the referral of all appropriate 
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:« dents from a relatively wide area. This 
abrity of a particular radiologist to remain 
expert when dealing with diseases of low 
iacidence or in executing procedures ine 
frequently required in a population, is 
dependent on a sufhtient amount of un- 
usual case material coming into his view. 
The problem of maintaining excellence 
under the restriction of a low case load is 
not limited to certain aspects of our 
specialty. 
procedures alluded to above, not only 
must the particular r radiologist be special. 
ized and therefore relatively rare, but his 
paramedical support ts equally specialized 
and rare. 

How does one select in which city and in 
which hospital special procedure units are 
to be established? One can start bv saving 
that the university medical center is a 
natural base as the regional hospital to 
which the selected hospitals will be related 
as associated centers. The 
diseases which are subject to hospital 
center care can be determined and corre- 
lated with the citv and town of origin. Pro- 
jections of population growth in any region 
can help in the selection of the site for the 
associated centers by favoring those areas 
predicted to have the greatest population 
density in 10 and 20 years. From appro- 
priate state planning agencies, the pro- 
jected major highwavs can be obtained and 
related to the centers of population growth, 
and towns of origin of the particular 
diseases. In the case of a "tie" between the 
towns, or two hospitals in a town, the 
hospital with the most diversified support- 
ing staff or the hospital which for whatever 
reason appears to be economically favored 
should be selected. Topography must be 
taken into account as certain parts of a 
region might be relatively isolated and 
special provisions would be appropriate for 
this portion of the area; the minimum case 
load an associated and a regional center 
must see to sustain expertise and to war- 
rant an expensive highly specialized facility 
must also be considered in evolving an ideal 
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plan. Finally, the existing facilities and 
talents in the various cities and hospitals 
of the region must be utilized as much as 
possible in the final selection of centers. 

In such an integrated regional medical 
plan, the university regional center hospital 
could actively participate in staffing the 
special procedure effort in the associated 
centers. To do this effectively, the radiol- 
ogist spending the majority of his time in 
the associated center would spend at least 
one day a week at the university center at 
which time the work at the associated hos- 
pital would be covered by a different at- 
tending radiologist from the regional center. 


To maintain the doctor-patient relation- 


ship, patients referred to the regional uni- 
versity center would be scheduled for a first 
visit during the dav when the radiologist 
from the associated center referring the pa- 
tient would be at the university hospital, 
Furthermore, at regular intervals, radiol- 
ogists at the associated center would visit 
the other hospitals in his referral area for 
clinics, lectures, or demonstrations in those 
subjects 1n which he is expert. These pro- 
grams could act as a nidus for the addition 
of non-radiologic specialists from the asso- 
ciated centers or the regional university 
center to Join with the radiologist in a 
continuing postgraduate educational pro- 
gram at each of the local hospitals. 

One other important condition. would 
have to be met, in the author's opinion, if 
the local doctor and his community hospi- 
tal were to refer patients to the regional 
center and its associated centers, À major 
deterrent to physicians and a major inhibi- 
tion of patients’ acceptance of the concen- 
tration of certain medical activities in a 
few hospitals in a region is the fear of loss 
of contact between the local physician 
(radiologist) and his patient. For this rea- 
son, I would suggest that whenever a pa- 
tient from a community hospital is referred 
to an associated or regional hospital with 
particular facilities the referring physician 
automatically should have courtesy priv- 
leges for visits to his patient in that hospi- 
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tal where the procedures or treatments are 
being undertaken. 

In summary, I believe that in each of 
the subspecialties of radiology— diagnostic 
roentgenologv, nuclear medicine, and radi- 
ation therapy—there are certain aspects of 
patient care which by their nature seem to 
demand concentration in a relatively few 
hospitals associated with a regional uni- 
versity center. Such organization for ser- 
vice to patients with problems of relatively 
low incidence will lead to improved medical 
care. However, to ensure acceptance of 
this principle by the public and their phy- 
sicians, the referring physician or radiol. 
ogist must be privileged to participate in 
the patient's care, While the referral of 
these particular patients would be centrip- 
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etal, the referring physician (radiolog’s:) 


must have courtesy privileges with respect 
to his patients in those associated hospitals, 
including the regional university center 
where the particular technique is practiced. 
Continuing educatión related to the spe- 
cialist practice of the regional university 
and its associated hospitals would be cen- 
trifugal so as to reach all physicians and 
hospitals in the region served. 


Morron M. Kricerman, M.D. 
President, Association of University 
Radiologists 


Professor and Chairman 
Department of Radiology 

Yale University School of Medicine 
New Haven, Connecticut o6210 
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F'THE AMERICAN COLLEGE OF 
RADIOLOGY 

The Forty-fourth Annual Meeting of the 
American College of Radiology was held at 
the Drake Hotel, Chicago, Illinois, from 
Tuesday, February 6 to Saturday, Febru- 
ary IO, 1968. 

The following officers were elected: Pres- 
ident, Joseph D. Calhoun, M.D., Little 
Rock, Arkansas; Vice-President, Homer V. 
Hartzell, M.D., Seattle, Washington; Sec- 
retary-Treasurer, Fay H. Squire, M.D., 
Chicago, Illinois (re-elected); Chairman, 
Board of Chancellors, J. Frank Walker, 
M.D., Atlanta, Georgia; Vice-Chairman, 
Board of Chancellors, Robert W. McCon- 
nel, M.D., Dallas, Texas. 

On Wednesday evening the College had 
a joint dinner meeting in the Gold Coast 
room of the Drake Hotel, with the ACR 
and Illinois Chapter, Chicago Roentgen 
Society, at which Dr. Milford O. Rouse, 
President of the American Medical Asso- 
ciation, was the speaker. 

The College Fellowship Convocation 
was held Friday at 5:30 P.M., with Dr. J. 
E. Miller, President of the American Col- 
lege of Radiology, presiding. The degree 
of Fellow of the American College of 
Radiology was conferred on 87 candidates 
and the Degree of Associate Fellow on 2 
candidates who have been approved by the 
Board of Chancellors and elected to 
fellowship by a vote of the Fellows. 

The degree of Honorary Fellow was 
accorded to 10 outstanding radiologists of 
international renown. 

As already reported in the March issue 
of this Journal, the awards to the 3 
Latin American radiologists were made in 
a Special Convocation of the College, on 
the occasion of the Ninth Inter-American 
Congress of Radiology, held December 6- 
12, 1967 in Punta del Este, Uruguay. At 
this ceremonial convocation Dr. Fay H. 
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Squire officiated as President of the College, 
Dr. J. E. Miller as Chairman of the Board 
of Chancellors, Dr. J. A. del Regato as 
Secretary and Dr. W. T. Snow as Sargent- 
at-Arms. The candidates honored were: 
Dr. Leandro Zubiaurre, Professor of Ra- 
diology of the University of Montevideo, 
Uruguay; Dr. Raúl Leborgne of Monte- 
video, Uruguay for his long and fruitful 
work in mammography; and Dr. Manuel 
G. Zariquiey of Rochester, New York, 
International Coordinator of the Eastman 
Kodak Company's Radiography Market 
Division, for his devotion to Inter-Ameri- 
can Activities in Radiology. 

At the Chicago ceremonies the degree 
of Honorary Fellow was awarded to: Dr. 
Leonidas Stergiou, Athens, Greece; and 
in absentia to: Dr. Hans H. Berg, Ham- 
burg, Germany; Dr. Arduino Ratti, Mi- 
lano, Italy; Dr. Lan Chang Chiang, Taipei, 
Taiwan; Dr. Sjahriar Rasad, Djakarta, 
Indonesia; and Dr. Joseph Rósch, Prague, 
Czechoslovakia. 

Gold Medals, the highest award of the 
American College of Radiology “for dis- 
tinguished service to radiology" were pre- 
sented by President Miller assisted by Dr. 
Calhoun, Chairman of the Board of 
Chancellors to: Dr. Wallace D. Buchanan, 
Fort Wayne, Indiana; Dr. Juan A. del 
Regato, Colorado Springs, Colorado; and 
s Russell H. Morgan, Baltimore, Mary- 
and. 

The agenda of the Friday morning meet- 
ing comprised presentation of the reports 
of Officers, Commissions and Committees 
followed (for the first time) by 4 Section 
Meetings. These were: (1) General Section, 
John R. Danstrom, M.D., Moderator; 
(2) Nuclear Medicine, E. Richard King, 
M.D., Moderator; (3) Pediatric Radiol 
ogy, John L. Gwinn, M.D., Moderator; 
and (4) Radiation Therapy, Juan A. del 
Regato, M.D., Moderator. 
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On Saturday the always stimulating 
annual conference of Teachers of Radiology 
took place with Dr. Benjamin Felson, 
Cincinnati, Ohio, presiding. 

The Forty-fifth Annual Meeting of the 
American College of Radiology will be 
held at the Regency Hyatt House, Atlanta, 
Georgia, February 18-22, 1969. 


ELEVENTH ANNUAL W. EDWARD 
CHAMBERLAIN LECTURE 

The Eleventh Lecture Correlating Ra- 
diology and Physiology, in the series 
honoring Dr. W. Edward Chamberlain, 
Emeritus Professor of Radiology, will be 
given by Dr. Earl R. Miller, Professor of 
Radiology, University of California, San 
Francisco Medical Center, on May 1, 1968 
at 4:00 P.M. in the Auditorium of the 
Temple University School of Medicine, 
3400 North Broad Street, Philadelphia, 
Pennsylvania. 

The title of Dr. Miller's 
"Continence and Voiding." 


lecture is, 


WASHINGTON UNIVERSITY SCHOOL OF 
MEDICINE 

A Doppler ultrasound symposium will be 
given on May 23 and 24, 1968 at the Mal- 
linckrodt Institute of Radiology, St Louis, 
Missouri, under the direction of Rav A. 
Brinker, M.D. 

The Guest Faculty wil include Dr. 
Donald W. Baker, Seattle, Washington; 
Dr. Ross E. Brown, Winnipeg, Manitoba, 
Canada; Dr. Dean Franklin, LaJolla, 
California; Dr. Bernard Sigel, Philade Iphia, 
Pennsylvania; Dr. H. F. Stegall, San 
Antonio, Texas; and Dr. D. E. Strandness, 
Jr., Seattle, Washington. 

The Symposium will cover the theoreti- 
cal, practical and engineering considera- 
tions of Doppler ultrasound in diagnostic 
medicine. Specific lectures will be given on 
the monitoring, peripheral arterial and 
venous disease and carotid artery stenosis. 

Inquiries should be addressed to Ray. A. 
Brinker, M.D., Mallinckrodt Institute of 
Radiology, 510 South Kingshighway, St. 
Louis, Missouri 63110. 
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THE TENTH INTERNATIO? 
CANCER CONGRESS 
FIRST CIRCULAR f 
The Tenth International Cancer <ua- 
gress, with four preliminary Speciil Ses- 
sions, will be held in Houston under the 
d ds of the Unio a Con- 
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The MCN Brose ram E ie p 
is being prepared by the joint effort of the 
U.L.C.C. Committee on International Con- 
gresses and the USA National Organizing 
Committee. 

The First Circular provides a prelimi- 
nary outline of the Congress. More detailed 
information will be provided at a later date. 

Application forms for travel, tours and 
hotel accommodations will be sent with 
Application Form for Registration in the 
Second Circular, to be issued in June, 1968. 

The Chairman of the Congress is R. Lee 
Clark, M.D., and the Secretary-General, 
Murray M. Copeland, M.D. 

For further information please write to: 
National Organizing Committee, Secre. 
tariat, The University of Texas, M. D. 
Anderson Hospital and Tumor Institute at 
Houston, 6723 Bertner Avenue, P.O. Box 
20465, Astrodome Station, Houston, Texas 
77025, Cable Address: CANCONG, Hous- 


ton, Texas. 
SOUTHERN RADIOLOGICAL CONFERENCE 


At the Twelfth Annual meeting of the 
Southern Radiological Conference at the 
Grand Hotel, Point Cle ar, Alabama, the 
following new officers were elected: Chair- 
man, Dr. Howard Barnhard, Chief, De- 
partment of Radiology, Universitv of 
Arkansas School of Medicine, Little Rock, 
Arkansas; Vice-Chairman, Dr. Buell C. 
Buchtel, Foundation Hospital, 1216 Jeffer- 
son Highway, New Orleans, Louisiana; 
Secretary- Treasurer, Dr. Marshall Esk- 
ridge, Mobile Infitmary, P.O. Box 4097, 
Mobile, . Alabama 36604. 

The Thirteenth Annual meeting will be 
held at the Grand Hotel, Point Clear, 
, February 1, 








and 2, 1969. 
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BOOKS RECEIVED 


Dynamic Facrors IN Roentoen Diagnosis. By 
Elliott C. Lasser, B.S., M.D., M.S. (Radiology), 
Professor and Chairman, Department of Radiol- 
ogy, University of Pittsburgh School of Medicine; 
Director, Department of Radiology, Presbyterian- 
University Hospital; with a chapter by John H. 
Feist, M.D., and a foreword by Leo G. Rigler, 
M.D. Cloth. Pp. 356, with many illustrations. 
Price, $12.75. The Williams & Wilkins Company, 
428 E. Preston St., Baltimore, Md. 21202, 1967. 

INTERNATIONAL SYMPOSIUM: ENZYMATIC ASPECTS 
or MeraBouc RecuLATION. Held at Mexico City, 
Mexico, Nov. 28—Dec. 1, 1966. Edited by M. P. 
Stulburg. National Cancer Institute Monograph 
27, Nov. 1967. Cloth. Pp. 344, with many figures. 
Price, $3.25. Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C. 
20402, 1967. 

RoEeNTGENOGRAPHIC Diacnosis or Biapper Tu. 
mors. By Erich K. Lang, M.D., Radiologist, 
Methodist Hospital, Indianapolis, Ind.; Formerly, 
Associate Radiologist, Johns Hopkins Hospital, 
Baltimore, Md. Cloth. Pp. 120, with many illus- 
trations. Price, $9.75. Charles C Thomas, Pub- 
lisher, 301-327 East Lawrence Avenue, Spring- 
field, Ill. 627035, 1967. 

ATLAS or ROENTGENOGRAPHIC PosrrioNs. By Vinita 
Merrill. Third edition. In 3 volumes. Cloth. Total 
pages, 878, plus index, with many illustrations. 
Price, $46.50. C. V. Mosby Company, 3207 Wash- 
ington Boulevard, St. Louis, Mo. 63103, 1967. 

Das Mycetom. By Prof. Dr. Kurt Reinhardt, Che- 
farzt der Róntgenabteilung am Kreiskrankenhaus 
Volkingen/Saar. Paper. Pp. 120, with 16 figures. 
Price, DM 38.-. Ferdinand Enke Verlag, Hasen- 
bergsteige 3, Stuttgart W, Germany, 1967. 

MvELoGRAPHY. Second edition. By Robert Shapiro, 
M.D., Chairman, Department of Radiology, The 
Hospital of St. Raphael, New Haven, Conn; 
Clinical Professor of Radiology, Yale University 
School of Medicine. Cloth. Pp. 440, with 455 il- 





lustrations. Price, $24.00. Year Book Medical 
Publishers, Inc., 3g East Wacker Drive, Chicago, 
Ill. 60601, 1968. 

FRONTIERS Or RADIATION THERAPY AND ONCOLOGY. 
Proceedings of the First Annual San Francisco 
Cancer Symposium. Volume I. Hyperbaric Oxy- 
gen and Radiation Therapy of Cancer. Edited by 
Jerome M. Vaeth, San Francisco, Calif. Cloth. Pp. 
200, with 68 figures. Price, $12.50. S. Karger AG., 
Basel. In the U.S.A., Albert J. Phiebig, P.O. Box 
352, White Plains, N. Y. 10602, 1968. 

LEHRBUCH DER RóNTGENDIAGNOSTIK: In fünf 
Banden. Edited by Prof. Dr. med. H. R. Schinz; 
Prof. Dr. med. W. E. Baensch, Washington; Prof. 
Dr. med. W. Frommhold, Berlin; Prof. Dr. med. 
R. Glauner, Stuttgart; Prof. Dr. med. E. Ueh- 
linger, Zürich; and Prof. Dr. med. J. Wellauer, 
Zürich. Band IV/Teil 1; Herz and grosse Gefasse. 
By J. Lissner, Frankfurt/M.; N. Schad, Zürich; 
P. Thurn, Bonn; and J. Wellauer, Zürich. Cloth. 
Pp. $68, with 1353 figures. Price, DM 224... 
Georg Thieme Verlag, Stuttgart. In U.S.A. and 
Canada, Intercontinental Medical Book Corpora- 
tion, New York N. Y. 10016, 1968. 

GERMAN-ENGLISH: ENGLISH-GERMAN DICTIONARY 
FOR PnuvsiciaNs. In two volumes. By Fritz Le- 
jeune, Prof. Dr. med., Dr. phil., Dr. med. dent.; 
and Werner E. Bunjes, Lecturer in English, 
Germersheim Interpreters’ College, Mainz Uni- 
versity. Volume I. German-English. Cloth. Pp. 
460. Price, DM 64.-. Georg Thieme Verlag, Stutt- 
gart. In U.S.A. and Canada, Intercontinental 
Medical Book Corporation, New York, N.Y. 
T0016, 1968. 

EQUIVALENCE OF MEDICAL QUALIFICATIONS AND 
THE Practice 0r MEDICINE: A Survey or EXIST- 
ING LEGISLATION. Offprint from Volume 18, No. 
3 of the International Digest of Health Legisla- 
tion. World Health Organization, Geneva. Paper. 
Pp. 47. Price, $1.00. Columbia University Press, 
136 South Broadway, Irvington-on-Hudson, N. Y. 
10533, 1967. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


Untrep STATES OF AMERICA 


AMERICAN Roentcen Ray Sociery 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Jung Hotel, New 
Orleans, La., Oct. 1-4, 1968. 

AMERICAN Ravium Society 
Secretary, Dr. Fernando G. Bloedorn, Department of 
Therapeutic Radiology, New England Medical Center 
Hospitals, 171. Harrison Ave., Boston, Mass. orir. 
Annual meeting: Hotel Fontainebleau, Miami Beach, 
Fla., April 7-11, 1968. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, HL, Dec, 1-6, 1968. 

AMERICAN CoLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N, Wacker 
Drive, Chicago 6, H. Annual meeting: Regency Hyatt 
House, Atlanta, Ga., Feb. 18-22, 1969. 

Section on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: San Fran- 
cisco, Calif, June 16~20, 1968, 

AMERICAN Board or RabpioLoGv 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn, 

The Spring 1968 oral examination will be held at the 
Fontainebleau Hotel, Miami Beach, Florida, June 10-14, 
inclusive. The deadline for filing applications was Decem. 
ber 31, 1967. Candidates eligible for this examination will 
not be required to take the written examination. 

The first written examination will be held the latter 
half of June 1968 in various centers of the country for all 
residents having completed 3 years of : proved training 
as of June 30, 1968. Deadline for filing for this examina. 
tion and the oral examination of December 1968 was 
December 31, 1967. 

AMERICAN ÁssociATION oF PHYSICISTS IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. Annual meet. 
ing to be announced. 

AMERICAN Society or THEerapeutic RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

AMERICAN Society ron Dracnostic ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 12215. 

TWELFTH INTERNATIONAL CoNxaGnzss or RapioLoGy 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otani, Tokyo, Japan, 
Oct. 6-11, 1969. 

TENTH Inrer-American Congress or RaptoLocy 
Counselor for the United States, Dr. Juan A, del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave, 
Colorado Springs, Colo. 80907. 

President, Dr. Juan A. del Regato, Colorado Springs, 
Colo., USA, 

Secretary, Dr. F. Bloedoon, Boston, Mass., USA, 
Meeting: San Juan, Puerto Rico, 1971. 

INTER-AMERICAN CorLEGE or RabioLoGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Pert. 

ÁLABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

ALAsKA RapioLogicaL Sociery 
Secretary, Dr. Bruce C, Wright, Providence Hospital, 
Anchorage, Alaska. Meets third Wednesday each month. 


Arizona RADr0LOGICAL Society 
Secretary-Treasurer, Dr. Robert E, Steyskal, sso W. 
Thomas Rd., Phoenix, Ariz, 8so1 3. Two regular meetings 
a year. Annual meeting at time and place of State Medi- 
cal Association and interim meeting six months later, 

ARKANSAS CHAPTER OF AMERICAN CoLLEGE or RADIOLOGY 
Secretary-Treasurer, Dr. Neil E. Crow, Holt-Krock 
Clinic, 1:00 Dodson Ave., Fort smith, Ark. 72901. 

Arxansas RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluf, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association or University RaproLoGisTS 
Secretary-Treasurer, Dr. Harry Z. Mellins, S.ULNVY, 
College of Medicine, Brooklyn, New York 11201. Annual 
Meeting: Ohio State University School of Medicine, 
Columbus, Ohio, May 9-11, 1968. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum. 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

Bavarian-American RapioLocic Society 
Secretary, Colonel Kurt Harrell, Landstuhl Army Medi. 
cal Center, Landstuhl, Germany. Meets quarterly, 

BrockiEYv Ravio.ocicar Sociery 
Secretary-Treasurer, Dr. R. John Gould, 
Rd., Drexel Hill, Pa. 19026. 

Biuecrass RApioLoGICAL SoctETY 
Secretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly, 

BaookLvN RapioLocicAL Sociery 
Secretary, Dr. Skottowe DePass, 69-13 Forest Ave., 
Brooklyn, N. Y. 11227. Meets first Thursday of each 
month, October through June. 

BurraLo RapioLociCcAL Socrery 
Secretary, Dr. Richard Shechan, 36 Briarlee Drive, Tona. 
wanda, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

CaLiFORNIA RaproLocicAL Socrery 
Secretary, Dr. James J. McCort, Santa Clara Valley 
Med. Ctr., San Jose, Calif. Meets annually during meet- 
ing of California Medical Association. 

CarAWBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O, Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
12:09 NOON, 

Centrat New Yorx RanioLocicaL Society 
Secretary-Treasurer, Dr. Robert A. Bornhurst, State 
Univ. Hospital, 7:o E. Adams St., Syracuse, N. Y Wezt10. 
Meets first Monday each month, October through May. 

CENTRAL Onto RaproLocicaL SociETY 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 1; and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

Cuicaco RoENTGEN Society 
Secretary-Treasurer, Dr. Fredric D. Lake, 2548 N. Lake- 
view Ave., Chicago, Ill. 60614. Meets second Thursday of 
each month, October to April, except December, at the 
Pick-Congress Hotel at 8:00 p.m, 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Castele, 18869 
Canyon Rd. Parkview Park, Ohio 44126. Meetings at 
7:00 P.M. on fourth Monday of October, November, 
January, February, March and April. 
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5 IVA OLOGICAL SOCIETY 
/7 Charles E. Seibert, Denver Gen. Hosp., 
,« do. 80218. Meets third Friday of each month 
^; Athletic Club from September through May. 
zd veur VALLEY RaproLocic SOCIETY 
ry, Dr. Wifliam W. Walthall, Jr., 130 Maple St., 
teld, Mass. Meets in April and October. 
ort Worth RADIOLOGICAL SOCIETY 
o vy Treasurer, Dr. Robert J. Atcheson, 1401 S. 
Fort Worth, Tegas 76104. Meets monthly, 
Seni tonday, at Southwest International Airport at 
Oi quM, 

Derrorr Roenrcen Ray AND RADIUM SOCIETY 
Secretary, Dr. Robert L. Willis, Harper Hospital, Detroit, 
Mich. 48201. Meets monthly, first Thursday, October 
through May, at David Whitney House, 1019 Antietam, 
at 6:30 P.M, 

Easr Bav RaproLocicaL Sociery 
Secretary, Dr. Tom H. Piatt, 12 Camino Encinas, Orinda, 
Calif. 94:63. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jra 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

FLonipA RADIOLOGICAL SOCIETY 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

FLonipA West Coast RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Allen M. Sheer, sot E. Buffalo Ave., 
Tampa, Fla. 33603. Meets in January, March, May, 
July, September and November, 

Georoia RADIOLOGICAL SOCIETY 
Secretary, Dr. J. L. Clements, Jr., 134 LaGrange St., 
Newman, Georgia 30263. Meets in spring and fall with 
Annual State Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

Greater LovisvILLE RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. L. D. LeNeave, 315 E. Broad. 
way, Louisville, Ky. 40202. Meets monthly. 

Greater Miami RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Sylvan H. Sarasohn, North 
Miami General Hospital, 1701 Northeast 127th St., North 
Miami, Fla. 33161. Meets monthly, third Wednesday 
at 8:00 P.M. at Jackson Memorial Hospital, Miami, Fla. 

Greater Sr, Louis Society or RADIOLOGISTS 
Secretary- Treasurer, Dr. Alexander J. Link, 7215 Mary- 
land, St. Louis, Mo. 63130. 

Hawan RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. K. Wang, P.O. Box 256, 
Wahiawa, Oahu 96786. Meets third Monday of each 
month at 7:30 P.M, 

Hearn Puvsics SociETY 
Secretary, John W. Thomas, Philadelphia, Pa. Annual 
Meeting: Denver-Hilton Hotel, Denver, Colo., June 
16-20, 1968. 

HovsroN RADIOLOGICAL SOCIETY 
Secretary, Dr. Thomas S. Harle, 1200 Moursond Drive, 
Hawston, Tex. 7702:. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 P.M., Houston, Tex. 

IpAuo State RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall, 

ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill, Meets in the spring and fall. 

Inprana RoeNTGEN Society, Inc. 

Secretary, Dr. Edwin F. Koch, Jr., 915 University Ave., 
Muncie, Ind. 47303. Meets first Sunday in May and dur- 
ing fall meeting of Indiana State Medical Association. 
lowa RADIOLOGICAL SOCIETY 

Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, lowa. Luncheon and business meeting during 
annual session of lowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Se retary-Treasorer, Dr. Robert C. Lawson, 310 Medica! 
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Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call, 

KENTUCKY CHAPTER, AMERICAN COLLEGE OF RADIOLOGY 
Sec vetary-Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 

Kincs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
iyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Long Istanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Hochstim, 1205 Stewart Ave., 
Garden City, N. Y. 11533. Meets monthly. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Harvey I. Meyers, 2010 Wilshire Blvd., 
Los Angeles, Calif. goos7. Meets second Wednesday of 
month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. 

LouisiaNA-TExAs GULF Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 

Matne RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine o4102. Meets in June, Sep- 
tember, December and April. 

MaryLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

Mempuis ROENTGEN SOCIETY 
Secretary- Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
108 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 P.M. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupson RaproLoGicAL SoctETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 P.M., first Wednesday of each 
month, September to May. 

MILWAUKEE RoENTGEN Ray SOCIETY 
Secretary Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
sin Ave, Milwaukee, Wis. 53213. Meets monthly on 
fourth Monday, October through May, at University 
Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Edward A. Peterson, 572 Lowry 
Medical Arts Bldg., St. Paul, Minn. Meets twice annu- 
ally, fall and winter. 

Muississipp1 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missourt RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Harold B. Rapp, Cape Girar- 
deau, Mo. 

Monrana RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Otto A. Troester, 924 Sharp 
Building, Lincoln, Nebraska 60:08. Meets third Wednes- 
day of each month at 6 p.m. in Omaha or Lincoln. 

NEVADA RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary's Hospital, Reno, Nev. 

New ENGLAND Roentgen Ray Society 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass. 02163. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street, Brookline, Mass., at 4:30 P.M. 

New Hampsuire Roentcen Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 
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New Mexico Association or RabioLocisTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico, 

New Mexico Society or RApi0LocisTS 
Secretary, Dr. Phil Fox, Albuquerque, New Mexico. Four 
meetings annually, three held in Albuquerque, N. M., 
and one held at time and place of New Mexico State 
Medical Society annual meeting. 

New York Roentoen Society 
Secretary, Dr. David H. Baker, Babies Hospital, 3975 
Broadway, New York, N. Y. 10032. Meets monthly on 
third Monday at the New York Academy of Medicine at 
4:30 P.M. Annual meeting: April 25-28, 1968. 

NORTH CAROLINA CHAPTER OF ACR. 

Secretary- Treasurer, Dr. Ira Bell, Hickory, N. C. Annual 
meeting to be announced. 

NonTH CanouiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NonTH Dakora RabioLocicAL Society 
Secretary, Dr. A. Ohrt, 408 Medical Arts Bldg., Fargo, 
N. D, 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

NonTH Froripa RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December, 

NORTHEASTERN New York RapnioLocicAL Society 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NonTHERN CatirorniA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Yvan. D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 9:816. Meets fourth Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 

NORTHWESTERN Onto RapiotocicAL Society 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Ouro State RApioLocicAL Society 
Secretary, Dr. Robert D. Berkebile Elyria Memorial 
Hospital, Elyria, Ohio 44035. 

OKLAHOMA SrATE RaproLocicaL Society 
Secretary, Dr. Donald F. Mauritson, 100 Utica Square 
Med. Center, Tulsa, Okla. 74114. Meets in January, 
May and October. 

Orange County RADIOLOGICAL Society 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

Orecon RaptioLocicAL Society 
Secretary-Treasurer, Dr. Irving J. Horowitz, 2311 N.W. 
Northrup Str., Portland, Ore. 97210. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

ORLEANS Parisy RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday ofeach month. 

Paciric Nortuwest RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marvin Wallace, 555 108th Ave. 
N. E., Bellevue, Washington 98004. The 22nd Annual 
Meeting will be held at the Olympic Hotel, Seattle, 
Washington, May 3-5, 1968. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. T. Frederick Weiland, 619 Ridgeway 
Ave., Grove City, Pa. 16127. Annual meeting to be an- 
nounced. 

PHILADELPHIA RogNTGEN Ray Society 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
sath St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PirrsBURGH RogNTGEN Society 
Secretary, Dr. Edward R. Seitz, 601 Jenkins Bldg., Pitts- 
burgh, Pa. 15222. Meets second Wednesday of month, 
October through June, at Park Schenley Restaurant. 

RaproLogicaL Society or Connecticut, Inc. 
Seeretary-Treasurer. Dr, Henry J. Fox, 10 Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly. 
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RADIOLOGICAL Society or GREATER CINCISN T 
Secretary Treasurer, Dr, Donald E. Gi ves. 
Bayard Dr., Cincinnati, Ohio 45208. Mee: 
of each month at Cincinnati Academy of Medic ` 

RapioLoGiCAL Society or GREATER Kansas Ci. vy 
Secretary, Dr. J. Stewart Whitmora, toro Rial ^ 
Kansas City, Mo. Meets last Friday of each m 

RaptoLocicAL Sociery or Kansas Ciry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Rid: ~ 
City, Mo. Meets third Thursday of each mon `. 

RADIOLOGICAL SOCIETY or LOUISIANA Ye ea 
Secretary, Dr. Lester W, Eavenson, 2700 Napu.con Ave, 
New Orleans 15, La. Meets semiannually, during Loui- 
siana State Medical Socicty meeting and 6 months later. 

RADIOLOGICAL SOCIETY or New Jersey 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. 07018. Meets in Atlantic City at time 
of State Medical Society meeting and in October or No. 
vember in Newark, N. J. 

RapioLocicAL Sociery or RHODE Istanp 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 

Raprotocicat Society or Soutu DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL Society or SOUTHERN CALIFORNIA 
Secretary- Treasurer, Dr. Robert G. Williams, The Santa 
Barbara Medical Clinic, P.O. Box 12co, Santa Barbara, 
Calif. 93102. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL SOCIETY or THE STATE or NEw York 
Secretary- Treasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester 18, N. Y. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Ricumonp County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocnester Roentcen Rav Socigrv, RocugsrEn, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Meets at 8:15 p.m. on the last Monday of each month, 
September through May, at Strong Memorial Hospital. 

Rocky Mountain RaprioLocicaL Socigrv 
Secretary- Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave, Denver, Colo. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 15-17, 1968. 

SAN ÁwTONIO-MiLtrranvY RapioLocican Society 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer's Club at 6:30 
PM, 

San Disco Rapro.oaicar Sociery 
President-Secretary, Charles R, Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

SAN Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. Joachim Burhenne, Children's Hospital 
and Adult Medical Center, 3700 California St., San Fran- 
cisco, Calif. 94119. Meets quarterly at the San Francisco, 
Medical Society, 250 Masonic Ave, San Frandfsco, 
Calif. 94118. 

Santa Ciara Country RADIOLOGICAL Society 
Secretary, Dr. D. Brendan O'Donnell, 696 E. Santa 
Clara St., San Jose, Calif. 95112. Meets monthly at the 
Santa Clara County Medical Association. Bldg., 7oo 
Empey Way, San Jose, Calif. 

Section on Rapiorocv, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Rapiorocv, MepicaL Society or tHe Dis. 
TRICT OF COLUMBIA 
Seeretary- Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave., S.E., Washington, D. C, 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 P.M. 

Section on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Andrew F. Giesen, fr., White-Wilson 
Clinic, Fort Walton Beach, Fla. 32548. Annual meeting 
to be announced. 
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TION ON KAn OLOGY, Texas MEDICAL ASSOCIATION 

„ecretary. a) © eorge F. Crawford, St. Elizabeth Hospi- 

a Beaumont, Tex, Meets annually with the Texas 

6c vei f sociation. 

35557 rosy RADIOLOGICAL CLUB 

oars, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
. ^ ots monthly on third Wednesday at 7130 P.M., 
seo: beo to May inclusive. 

Sac... “OR PEDIATRIC RADIOLOGY 
& 207 v Or, John L. Gwinn, Children’s Hospital, 4614 
Sunat Bivd., Los Angeles 27, Calif. Annual meeting: 
jung loc, New Orleans, La., Sept. 30, 1968. 

SOCIETY Uf NUCLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, HL 
Annual meeting Chase-Park Plaza Hotel, St. Louis, Mo., 
June 27-39 1968. 

SourH Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 9402;. Meets second Wednesday of each 
month. 

SourH CanourNA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May, Annual fall scientific meeting at 
time and place designated by the president. 

Sourn Dakora RADIOLOGICAL Society 
Secretary, Dr, Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, S. Dak, Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary-Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90:02. Mets quarterely. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Seecretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
frmary, P.O, Box 4097, Mobile, Ala. 36604. Annual 
meeting: Grand Hotel, Pointe Clear, Ala. 36:64, Jan. 
3t—-Feb. 2, 1969. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, goq Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr, Marion E. Spurgeon, Memorial 
Hosp., Clarksville, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association meet- 
ing. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced, 

Tri-Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 P.M, Elks Club in Evans- 
ville, Ind. 

University or MicuicaAN. DEPARTMENT OF ROENTGEN- 
OLOGY Srarr MEETING 
Meets each Monday evening from September to June, at 
7100 P.M, at University Hospital, Ann Arbor Mich. 

Urese@eninsula RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran Strate RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Leon M. Neal, St. Benedict's 
Hospital, 3000. Polk Ave., Ogden, Utah 84403. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 

VERMONT RADIOLOGICAL SOCIETY 
Vue Dr. John R. Williams, 160 Allen St., Rutland, 

t. 

Virginia RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. K. Kenneth Wallace Jr., Nor- 
folk, Va. 

WASHINGTON Strate RADIOLOGICAL SOCIETY 
Secretary, Dr. Owen Marten, 930 Terry Avenue, Seattle, 
Wash. Meets auarterly. 

West VinciNIA RADIOLOGICAL Society 

S-eretary, Dy George G. Green, Morgantown, W. Va. 

> ts concurrently with Annual Meeting of West Vir. 
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ginia State Medical Society; other meetings arranged by 
program committee. 

Wesrcarster County RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
Octcber and on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

Wyoming RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cura, Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN DE RADIÓLOGOS DE CENTRO AMERICA Y 
PaNAMÁ. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries, 

SOCIEDAD DE RADIOLOGÍA DE EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

Socik&baAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?. Calle A 0-05, Zona 1, 
Guatemala, 

SociEDAD DE RapbioLocíA v FisiorERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba Meets monthly at 
Curie Hospital. 

SociEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica. 

SocrepaD Mexicana DE RapioLocfa, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary General, Dr. Ramón Ruenes. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504. Professional 
Bldg., Santurce, Puerto Rico. 

SociepaD RADIOLÓGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocigDAD RapioLócIca DE Puerro Rico 
Secretary, Dr. Felipe N. de Jesús, Apt. 9387, Santurce, 
Puerto Rico. Meets second Thursday roa month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


AssociaTION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

Barrisa Instirute or RADIOLOGY 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. Annual meeting to be announced. 

CANADIAN ASSOCIATION OF Puvsicisrs, DIVISION or 
MEDICAL AND BroLocicat Puysics, 

Honorary Secretary Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 

Epmonron AND District RADIOLOGICAL Society 
Secretary, J, D. R. Miller, M.B., University of Alberta 
Hospital, Edmonton, Alberta, Canada. Meets third 
Thursday of each month October to May, except Decem. 
ber, at various Edmonton Hospitals. 

FacurTY or RADIOLOGISTS 
Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. Annual meeting: 
London, England, June 21-22, 1968. 

Facurrv or RapioLocisTs, Roya. COLLEGE or SURGEONS 
IN IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.I., D.P.H., 123 
St. Stephens Green. Dublin 2, Ireland. 

Secrion or RapioLoGv or THE RovAL Socrery or MEDI- 
CINE (Conrinep To MEDICAL MEMBERS) 

Meets third Friday each month at 4245 P.M. at the Royal 
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Ned of Medicine, 1 Wimpole St., London, W. 1, Eng. 

and. 

CANADIAN Association or RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr, Maurice Duiresnc, 
Associate Honorary Secretary-Treasurer, Dr. F, Rober: 
MacDonald, 1555 Summerhill Ave., Montreal 25, Que., 
Canada. Thirty-first Annual Meeting, Chateau Fron- 
tenac, Quebec, March 4-9, 1968. 

MoNTREAL RabioLoaicAL Stupy CLuB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Section or RapioLocv, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S, 

SOCIÉTÉ CANADIENNE-FRANGAIsE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, £412 Boul. 
L'Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. Annual meeting 
to be announced. 

Toronto RabroLocicAL Society 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St, Sydney, N.S.W., 
Australia. 


SOUTH ÁMERICA 


ÅSOCIACIÓN ARGENTINA DE RapioLocfa 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 1 £1, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1 300, Rosario. 

CoLécio Brasiterro pe RADIOLOGIA 
Secretary-General, Dr. Miguel Maric Céntola, Caixa 
Postal 5984, São Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary-General, Dr. Osvaldo E. Zerbo, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

Socrepap Bouiviana pe RapioLocfa 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La Paz, 
Bolivia. Meets monthly. General assembly once every 
two years, 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Cxa Postal 1 OR 
Rio de Janeiro, Brazil. General Assembly meets every 
two years in December, 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SocrepaD CHILENA DE RapioLocíA 
Secretary, Dr. Manuel Concha, Casilla 1 3426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SociEDAD EcuaTORIANA DE RabDioLoGÍA v FistoTERAPÍA 
Secretary, Dr. Carlos Palau, Av. Bogotá 206, Guayaquil, 
Ecuador. 

SoctEDAD PanAGUAYA DE RapioLocíA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladys del Pino, Instituto de 
Radiología "Cayetano Heredia" Hospital Arzobispo 
Loayza, Lima, Perú, Meets monthly except during Janu- 
ary, February and March. 

SocrEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 4o f41-110, Baran- 
quilla, Colombia, Society meets monthly at the Instituto 
de Radiología. 

SOCIEDAD DE RabioLoGía, CANCEROLOGÍA Y Fístca 
Mépica peL Urucvay 


Society Proceedings Q^ 


Secretary-General, Dr. Ernesto H. Cibils. ^v. Agraciac : 
1464, piso 13, Montevideo, Uruguay. — 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO PE 
Secretary, Dr. Manoel Medeiros, Instituto de Rati tenis 
da Faculdade de Medicina da Universidade ġo kert, 
Caixa Postal 505, Pernambuco, Brag. 

SOCIEDAD DE RogNTGENOLOGÍA Y MEDICINA Nue ss oe 
LA Provincia DE CÓRDOBA | 
Secretary-General, Dr, Lucas C. Di Rienzo. ave. ^d 
Paz. 1:1, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RAbioLoGÍA 
Secretary-General, Dr. Modesto Rivero Consi. Apar- 
tado No. 9362 Candelaria, Caracas, Venezu ta. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 





CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 

Société BELcE pe RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociÉrÉ EUROPÉENNE pe RADIOLOGIE PEDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hópital des 
Enfants-Malades, 149, rue de Sévres, Paris 1 se, France. 
General Secretary, Dr. H. Ludin, Department of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. An- 
nual meeting to be announced. 

SociÉTÉ FRANÇAISE D'ELECTRORADIOLOGIE MEDICALE, 
and its branches: SociÉrÉ pu Sup-Ovest, pu LITTORAL 
MEDITERRANEEN, DU CENTRE ET DU Lyonnais, Du 
NORD, DE L'OUEST, DE L'EST, ET D'ALGER ET D'AFRIQUE 
pu Norp, Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch, Proux, 9 rue Datu Paris 85, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST PRO ROENTGENOLOGII A 
Rapio.oail 
Secretary, Dr. Robert Poch, Praha 12, Srobárova co, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RÓNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitäts. 
Róntgeninstitut, Lagenbeckstr. 1, Mainz, Germany. 

SociETÀ lrALIANA pi RADIOLOGIA MEDICA E DI MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. C. B. A. J. Puijlaert, Prof. Dondersstraat 
73, Tilburg, Netherlands. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Dr. C, E, Unnérus, Professor, Haga- 
lund-Tapiola, Havsvindsvagen ; C., Finland. Annual 
meeting: Copenhagen, Denmark, May 29-lune 1, 1968, 

SociepaD EsPARoLA pe Raprorocfa v ELEcTROLOGÍA 
Mpnicas y MEDICINA NUCLEAR 
Secretary, Juan Gomez Lopez Villanueva, 11, Madrid 1. 
Meets every second Friday of each mon th, Oct. tP Jere” 
inclusive, in Madrid. Annual general meeting to be 
announced. 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉTÉ Suisse pg RADIOLOGIE ET 
DE Mépecine NucLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


ASIA 


Inptan RADIOLOGICAL Association 
Secretary, Dr. R. F, Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

Inponestan Rapro.ocicat Society 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
I Diakarta, Indonesia 

Trantan RapioLocicAL Society 
Secretary, Dr. Issa Yaghmai, P.O, Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Sator. 
day of each month, 
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Goo. NG, CHARLES A., CARTER, ANTHONY, 
an’ Moare, Ricuarp D. New ventriculo- 
2. ‘nu: aspects of the Arnold-Chiart mal- 
"orm tion, Radiology, Oct., 1967, 89, 620- 
632. (Address: C. A. Gooding, M.D., Letter- 
man General Hospital, Presidio, San Fran- 
cisco, Calif. 94129.) 


The presence of caudal herniation of the cere- 
bellum, brain stem, and fourth ventricle in the 
Arnold-Chiari malformation is well known. Not well 
known are the intracranial abnormalities described 
by Cameron in 1957 which consist of thickening of 
the interthalamic ramus (massa intermedia), hypo- 
plasia of the falx cerebri, and partial obliteration of 
the great cerebral fissure. The authors report the re- 
sults of a ventriculographic assessment of these 
pathologic aspects and others not commented upon 
and have come to recognize a unique appearance of 
the ventriculograms in Arnold-Chiari cases. 

Ventriculograms of 62 patients with the Arnold- 
Chiari malformation, so patients with normal air 
studies, and ig patients with aqueduct stenosis 
were analyzed. An abnormal anterior wall of the 
third ventricle was found in 40 (64 per cent) of the 
Arnold-Chiari cases, in none of the normal air 
studies, and only in 1 of the aqueduct stenosis cases. 
This irregularity was quite variable, but usually 
presented as a definite structure crossing the antero- 
inferior portion of the third ventricle, in a coronal 
plane. Occasionally this created the impression of a 
diverticulum-like outpouching through the anterior 
wall of the third ventricle. In all instances, its origin 
was definitely inferior to the anterior commissure 
and superior to the chiasmatic recess. 

The massa intermedia was identifiable in 52 of the 
62 patients with an Arnold-Chiari diagnosis (84 per 
cent), in 23 of the so patients in the normal group 
(46 per cent), and in 12 of the 19 patients with aque- 
duct stenosis (66 per cent). It was greater than 12 
mm. in diameter in 9 of the Arnold-Chiari series, a 
finding not present in any of tlie other cases. Absence 
of the septum pellucidum resulting in fused lateral 
ventricles was found in 20 per cent of the Arnold- 

hiari cases and in 21 per cent of the patients with 
aqueduct stenosis, and in only 1 of the normal series. 

'The inferior margins of the lateral ventricles, at 
the foramen of Monro, as seen in the brow-up antero- 
posterior view, were sharply pointed and medially 
directed in 32 of the 62 Arnold-Chiari patients (51 
per cent), in 1 of the so normal cases (2 per cent), and 
in 2 of the 19 cases of aqueduct stenosis (10 per cent). 

The deformity of the anterior portion of the third 
ventricle, whether secondary to enlarged commis- 
sural fibers crossing coronally or representing a 
ballooned third ventricle over the anterior communi- 
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cating artery, is fairly specific for the Arnold-Chiari 
cases. A demonstrable massa intermedia in itself is of 
little consequence, but the exceptionally large massa 
intermedia was found solely in the Arnold-Chiari 
series, and was frequently seen in an inordinately 
anterior location. 

No prognostic significance of the ventricular find- 
ings was evident as it was found that those Arnold- 
Chiari patients dying in childhood manifested these 
changes in the same proportion as those surviving. 
It is the authors’ belief that these pneumographic 
entities when considered as a complex, may be as 
pathognomonic of the Arnold-Chiari malformation 
as the demonstration of the caudal herniation of 
brain stem and cerebellum through the foramen 
magnum. This is of particular importance in cases of 
myelomeningocele with hydrocephalus in which the 
fourth ventricle cannot be demonstrated at ventric- 
ulography because of an associated stenosis of the 
aqueduct.—-Donald N. Dysart, ALD. 


Granone, F. G., and Granone, G. La pneumo- 
submaxillotomografia. (Pneumosubmaxil- 


lotomography.) Radiol. med., 1967, Eee 
237-748. (From: [Istituto di Radiologia 


dell'Università di Torino, Torino, Italy.) 


Described is a technique for the visualization of 
the submandibular region by the introduction of CO; 
associated with tomography. 

The patient is placed supine with the head ex- 
tended. A 22 gauge needle is introduced 1.5-2 cm. in 
front of the anterior insertion of the masseter and 
1.5-2 cm. below the inferior margin of the mandible. 
At the same time that the needle is introduced a few 
cc. of procaine is injected. When it is felt that the 
needle has penetrated through the superficial cervical 
fascia, 70 to 8o cc. of CO» is introduced and about 10 
minutes later tomographic studies of the subman- 
dibular region are performed in the 2 sagittal planes. 

The authors have found this technique useful in 
patients in whom sialography through the duct of 
Wharton could not be performed or in those in whom 
an allergy to the usual contrast media was present.— 


A. F. Govoni, M.D. 
NECK AND CHEST 


Cu£niciÉ, E., Tavernier, C., DEPORTE, À., 
Doyon, D., Casrer, A, and Tares, A. 
(Paris, France.) Radiologie cinétique de la 
région oeso-cardiotubérositaire. (Kinetic 
radiology of the esophago-cardio-tuberosity 
region.) JY. de radiol., d'électrol. et de méd. 
nucléaire, Oct., 1967, 4d, 513-525. 


In studying the lower third of the esophagus, 
cardia and tuberosity of the stomach the authors 
have developed a systematic approach, although no 
new modalities are employed. They routinely follow 
these 10 steps: 
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. Progressive physiologic insufflation — is 
achieved, and this is accomplished by having 
the patient swallow small gulps of barium, at 
the same time spluttering as if the mixture 
were too hot. This double contrast is especial- 
ly useful in viewing the cardia, and js more 
effective than when medications are used. If 
the patient is unable to achieve this the more 
conventional method is followed, as it may be 
in some of the succeeding steps. 

2. The pinching effect of the diaphragm is stud- 
ted. 

3. The active emptying of the phrenic ampoula is 
followed. 

4. The observer watches for the passive emptying 
of a hiatal hernia. 

5. In practicing progressive physiologic insuffla- 
tion the passage of gas through the cardia is 
watched for, with especial search for a small 
persistent pocket of gas which denotes a hiatus 
hernia. 

6. Intermittent hiatal hernias can often be picked 
up in the course of esophageal reflux. 

7. À search is made for the various types of 
peptic esophagitis, including early stages, 
sclerosis and peptic ulcers. 

8. Search is made for neoplasia. 

9. Any malposition is noted. 

io. Finally there is a dynamic study of the upper 
gastric pole. 

Although the latter does not have its own motility 
it can be animated by progressive physiologic in- 
sufflation, thereafter evaluating it from the play of 
the diaphragm, and by varied positioning of the 
patient.— Prank A. Riebel, M.D. 


FELIX, R., Tourn, P., Dix, A., WINKLER, C., 
GEISLER, 1*5. Boror, C., and AKHTAR, M. 
V ereleichende W — des Informationsge- 
halts von Pulmonalisangiogramm, Lungen- 
szintigramm und Blutgasanalyse. (Compara- 
tive evaluation of information gained from 
pulmonary angiography, pulmonary scintig- 
raphy and blood-gas analysis.) Fortschr. a. 
d. Geb. d. Rénigenstrahlen u. d. Nuklearine- 
dizin, 1967, 7107, 585-600. (Address: Dr. R. 
Felix, Institut für Róntgenologie und Strah- 
lenheilkunde der Universität, :3 Bonn- 
Venusberg, Germany.) 


Pulmonary angiography, scintigraphy and blood. 
gas analysis represent a variety of morphologic and 
functional methods to investigate the lesser circula- 
tion. Angiography demonstrates morphologic 
changes of pulmonary vessels. Scintigraphy aids in 
the diagnosis of pulmonary emboli and tumors, and 
blood-gas analysis helps in determining the alveolo- 
vascular reflex. For the comparative and critical 
evaluation, all 3 tests must be performed simul. 
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taneously in the same patient under identical par 5 
physiologic conditions. 
Patients suffering. from bronclfogenic ca: via 


were tested prior to pneumonectomy. Vhev were 
elderly with signs of advanced pulmonary »apiv 
sema. Pulmonary angiography was perfer e. scono 


fluothane anesthesia and was followed bv ^ tc c 
elimination of the tumor-lung while the hoa’: 2h ing 
received oxygen. At $, 10 and 15 minutes, samples of 
arterial and mixed venous blood were taken. This 
was followed by control angiography and scintig- 
raphy. Five minutes later the function of the elimi- 
nated lung was restored. 

The characteristic changes 
representative cases. 

The pulmonary scintigram yields information re- 
garding changes of blood flow in both lungs. While it 
discloses regional distribution of the blood flow, it 
does not indicate the cause and location of increased 
hemodynamic resistance unlike angiography. The 
limited value of scintigraphy must be considered in 
the interpretation of so-called sequestration defects. 
Increased defects can be produced by functional 
elimination of the overlying lung. Pulmonary angi- 
ography oe superior to scintigraphy and blood- 
gas analysis, but all 3 methods when used simul- 
eon contri bute to the clarification of problems 
of the lesser circulation.— Ernest Kraft, M.D. 


Hennic, K., Worten, P., and Franke, W. G. 
Erfahrungen bei der Lungenszintigraphie. 
(Experience with pulmonary scintigraphy.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen u. d. 
Nuklearmedizin, 1967, 107, 600-609. (Ad. 
dress: Dozent Dr. med. habil. K. Hennig, 
Nulkearmedizinische Abteilung der Radio- 
logischen. Klinik der Medizinischen Aka- 
demie, Carl Gustav Carus, Fetscherstrasse 74, 
Xorg Dresden, Germany.) 


are illustrated in 4 


The ideal isotope for performing pulmonary scintig- 
raphy is I-labeled macroaggregates of human 
serum albumin. It is stored in the lungs up to 87 per 
cent of the intravenously injected dose. The authors 
report their experiencg in $09 patients. The technique 
comprises an injection of 200 to 500 uc with the pa- 
tient supine, to be immediately followed by the 
scintigraphy. 

Peculiarities of the normal scintigram are unsharp 
and irregular lower borders due to respiratory mo- 
tion. The heart causes a partial obliteration of the 
left lower lung field; therefore, left basal lesions can 
be easily obscured. The position of the patient also 
modifies the results. Storage in the apical fields, for 
example, is diminished when the injection is done 
with the patient erect. In the lateral decubitus posi- 
tion, the dependent lung exhibits more activity than 
the contralateral lung. 

Pathologic conditions cause simple defects due to 
circulatory, vascular or parenchymal changes. In 
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view of the rumerous causes or abnormalities, the 
scinigrar nas no pathognomonic features but 
mer. ^^ supplemerts roentgenologic and other diag- 
Sc. orocetdures. In vascular lesions, it can be 
more informative than the roentgenogram especially 


when i? culmonary artery I stenosed. It also is very 
: Sie in the diagnosis of emboli, cysts, and emphy- 
cesta, pe ads in differentiating tuberculous lesions 


aad bronchogenic carcinoma, Small sohtary, non- 
infiltrating lesions may not be registered when the 
supine position is unfavorable for scanning. In such 
instances, the prone or lateral position can prove 
superior. 


Scintigraphy is indicated to test the extent of 


diminished pulmonary. function, to differentiate ex- 
pansile and infiltrative processes in the hilus and 
mediastinum, and to determine vascular changes 
when chest roentgenograms are noncontributory. 
It is concluded that pulmonary scintigraphy 18 
distinctly valuable. It is a simple procedure, non- 
hazardous and free from side-effects. Ernest Kraft, 


M.D. 


aber, H., Kunrrsen, G., and Sr. STENDER, 
H. Störungen der Lungenfunktion nach 
Lymphogr aphie. | (Disturbances of pulmonary 
function following iymphography.) Fortschr. 
a. d. Geb. d. Rüntgenstrahlen u. d. Nuklearme- 
dizin, 1967, 107, 609-618. (Address: Priv. 
Doz. Dr. H. Fabel, Medizinische Klinik, In- 
stitut für Klinische Radiologie der Med. 
Hochschule, Podbielskistrasse 350, 3000 
Hannover, Germany.) 


Lymphography is considered a rather innocuous 
procedure although the opaque oil flows via the 
thoracic duct into the lesser circulation. Potential 
side-effects are minimized due to its great diagnostic 
and prognostic value. Only in rare instances can oil 
embolization be visualized in roentgenograms of the 
lungs. Actually, however, microembolization occurs 
regularly and deserves serious consideration. The 
extent of ensuing impairment of pulmonary function 
can only be determined by blood-gas analysis com- 
bined with serial roentgen stujlies. 
For their investigation, the authors selected 30 pa- 
tients with normal lungs out of a total of 4:0 lympho- 


graphic studies. Ten patients received 15 to 20 ml. 


and the remaining 20 patients, only 12 to 14 ml. 
Lipiodol UF (ultrafluid). Blood bas analyses, com- 
prising arterial Os saturation (pOs) and arterial pH 
values were determined at the beginning of the in- 
fusion and 4 as well as 24 hours afterward. When the 
24-hour study disclosed a continued 
the Oz pressure, a 48-hour analysis was added. Serial 
roentgen studies were also done simultaneously. 
'The roentgen findings were grouped into three 
different stages. In the first stage, at 4 and 24 hours, 
there always appeared miliary densities caused by 
superimposition of microemboli. The second stage 


depression. of 


Arndt, 1908 


was characterized by larger densities and the third 
srage by more advanced changes. These included 
perivascular and peribronchial interstitial changes 
with interlobular septal lines of Kerley. 

In 6 out of the 1o patients who had received the 
larger dose of lipiodol the arterial pO. was markedly 
depressed after 4 and 24 hours, only to become 
restored to the original value after 48 hours. The pH 
values increased proportionately and roentgeno- 
graphic changes belonged to the second and third 
stage. When only 12-14 ml. lipiodol was infused, all 
changes were much less pronounced and quickly 
restored to findings prevailing prior to the infusion. 

It is estimated that an amount of 20 ml. lipiodol 
results in approximately go milhon pulmonary 
microemboli. An unknown quantity, however, re- 
mains stored in the lymph nodes. In view of the 
effect on the lesser circulation, the opaque oil has to 
be reduced to the smallest effective dose. The ml. is 
considered ins dd iu for an equae 
An anit ui 12 to 14 po 18 de SUO e 
with 12 ml. to be used in older and 14 ml. in younger 
patients. 

Lymphography is definitely contraindicated in 
patients with diminished pulmonary function. Diag- 
nostic and therapeutic measures must be guarded 
against during the first few days following the pro- 


cedure, as well as operations and | anesthesias.-— 
Ernest Kraft, M.D. 
Levin, Davin C. The "P.L.E." Syndrome 


Pulmonary Infiltrates with Eosinophilia: a 
report of 3 cases with lung biopsy. Kadiology, 
Sept., 1967, 89, 461-465. (From: Depart 
ment of Radiology, UCLA Center for the 
Health Sciences, Los Angeles, Calif. 90024.) 


The term P.LE. syndrome has been suggested to 
designate a disease which is similar to Loeffler's 
syndrome but is more virulent and potentially life 
threatening. Loeffler's syndrome classically consists 
of transient, mild pulmonary infiltrations, blood 
eosinophilia, and a benign clinical course. Patients 
with the P.LE. syndrome may experience pro- 
tracted symptoms with recurrent episodes of severe 
weakness and debilitation, weight loss, daily temper- 
ature fluctuations, cough, hemoptysis, dvspnea, and 
chest pain. Chest roentgenograms show diffuse 
shifting infiltrates of a coarse, ragged, mottled na- 
ture which persist in spite of antibiotic therapy. No 
single specific etiologic agent has ever been found. 

The author presents case reports of 3 patients 
with severe and protracted pulmonary infiltration 
with eosinophilia. These cases illustrate the variety 
of clinical courses which the P.J.E. syndrome may 
take. All were substantiated by lung biopsy. Ad- 
ministration of steroids produced dramatic clinical 
and — roentgenographic — improvement.——7. JF. 
Sommer, M.D. 


vob oar NE. S 


Cares, G, W., and Ropinson, Crayton L. N, 
Angiofollicular mediastinal lymph node hy. 
perplasia. Canad. M. 4. F., Dec. 16, i967, 
97, 1 538-1541. (Address: G., W. Cates, M.D., 
Professor of Pathologv, University of Sas- 
katchewan, Saskatoon, Sask.) 


The case of a 40 year old female with a right hilar 
mass, unchanged for 21 years, is reported and dis- 
cussed. Surgical removal revealed a localized medi- 
astinal lymph node hyperplasia resembling a thy- 
moma. Harrison and Bernatz in 1963 called this 
lesion, "angiofollicular lymph node hyperplasia." 

The nature of this lesion is contoversial. Most 
investigators believe that it js benign. Some au- 
thorities consider it a chronic, nonspecific lymphad- 
enitis and others a benign neoplasm. The lesion does 
not recur even after incomplete removal. Yohn H. 


Harris, M.D. 


Rees, R. S. O., and Jerrerson, K. E. The 
Eisenmenger syndrome. Clin. Radiol, Oet., 
1967, 78, 366-371. (From: The National 
Heart and St. George’s Hospitals, London, 
England.) 


A combination of cyanosis and ventricular septal 
defect since first described by Eisenmenger in 1897 
has been called the Eisenmenger complex. However, 
severe pulmonary hypertension is always present, 
and is productive of the reversed shunt producing 
central cyanosis. Wood in 1958 suggested that the 
term Eisenmenger syndrome should be used in de. 
scribing all cases of pulmonary h vpertension with the 
reversed shunt, regardless of the site of the defect. 

The authors studied the plain chest roentgeno- 
grams of 81 patients with the Eisenmenger syn- 
drome. They conclude that the plain chest roent- 
genogram may be very helpful in localizing the level 
of the shunt. Atrial septal defect presents large main 
and lobar arteries, an abrupt reduction in size at 
segmental artery level, a small aorta, tendency to 
gross cardiac enlargement and displacement of the 
heart to the left. The absence of abrupt changes in 
artery size and the relatively normal appearance of 
cardiac silhouette and lung fields, especially in 
children with the Eisenmenger syndrome, suggest a 
ventricular septal defect. A patent duct is suggested 
by a characteristic aortic knuckle, and a vessel pat- 
tern similar to that seen in ventricular septal defect, 


In all groups the heart tends to increase in size 
with 
with 
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ABDOMEN 


MansHa&k, Ricuanp H. Roentgen icatuces of 
granulomatous colitis. Bu/l. New Yorn drad, 


"T ‘cro 
E d H 


The author describes the characterist e (Oen tye. 
features of granulomatous colitis as se 1 on the 
barium enema examination, 

The earliest changes are irregular nodules along 
the contour of the colon associated with slight rigid. 
ity and thickening of haustral markings. 

Later changes are longitudinal ulcerations, trans- 
verse fissures, deep ragged ulcerations, eccentric 
involvement of the wall, pseudodiverticula, pseudo- 
polypoid changes producing a cobble-stone mucosal 
pattern and internal fistulae and sinus tracts. Skip 
areas of involvement are common. 

Twelve roentgenographic reproductions are in- 
cluded to demonstrate the features of granulomatous 


colitis.— fon H. Harris, M.D. 





SHEEHAN, Ricuarp G., NECHELES, THomas F., 
LiNbEMaN, Roperr J., Meyer, Hermi J., 
and ParrERsoN, James F. Regional en- 
teritis and granulomatous colitis associated 
with erythrocyte glucose 6 phosphate dehy- 
drogenase deficiency. New England F. Med., 
Nov. 23, 1967, 277, 1124-1126. (From: The 
Hematology Research Laboratory, Boston 
Floating Hospital of New England Medical 
Center Hospitals, and the Department of 
Pediatrics and Medicine, Tufts University 
School of Medicine, Boston, Mass.) 


lorty-two unrelated persons with regional enter- 
itis, I1. patients with granulomatous colitis and $0 
patients with ulcerative colitis were reviewed by the 
authors in relationship to erythrocyte glucose 6 
phosphate dehydrogenase deficiency (G 6 P D). 

Fifty-three patients with regional enteritis and 
granulomatous colitis revealed erythrocyte G6 P D 
deficiency in 9.6 per cent. None of the £O patients 
with ulcerative colitis had this defect. 

Northeastern European Jewish extraction persons 
comprised £o per cent of the regional enteritis cases, 
49 per cent of the granulomatous colitis cases, and 27 
per cent of the ulcerative colitis cases. 

Of the § apparently unrelated persons with eryth- 
rocyte G 6 P D deficiency associated with regional 
enteritis or granulomatous colitis, all were of Ash- 
kenazic Jewish origin from an area of Russia-Poland 
centering on the city of Vilna. A total of 4 additional 
family members were found to have both defects in 2 
of the € families. 

The authors point out that several of the drugs 
used commonly to treat regional enteritis may cause 
marked hemolysis if severe erthrocyte G 6 P D is 
present. They suggest testing all patients with 


í. Y 
Li 
o0 i007 ate is disease of the bowel, especially in the 
y cbal form.—George 4. Miller, M.D. 
* 
Seco, IRIK, and REUTER, STEWART R. 


Anocgeaphy in diagnosis of chronic unex- 
«elena. Radislogy, Sept., 1967, 59, 
ec gage (Address: 5. R. Reuter, Wayne 
Coantv General Hospital, Eloise, Mich. 
ácd12 

Selective celiac art superior mesenteric angiog- 
raphy was performed in 24 patients with chronic 
melena in whom previous gastrointestinal barium 
examinations failed to reveal the bleeding source. 
Vascular abnormalities were seen in 22 of these pa- 
tients, but few were of the type generally associated 
with melena. 

Possible mechanisms of bleeding in the various 
abnormality groupings are discussed. 

Of those patients with positive findings, 10 had 
occlusive disease of the celiac axis or its nain 
branches with collateral flow through the pancreat- 
icoduodenal arcades, 4 had mesenteric circulation 
abnormalities, 3 had a small bowel leiomyoma, 2 had 
major venous channel compression by tumor with 
resultant portal hypertension, and $ had hyper- 
vascular segments of the stomach or duodenum. Pwo 
patients had 2 of the above conditions concomi- 
tantly. 

The authors reiterate an interesting concept in 
support of “old age ulcers" on the basis of gastric 
ischemia secondary to occlusive disease of the celiac 
axis or its branches.. Brasseur, M.D. 


A ae 


* 


GyNECOLOGY AND OBSTETRICS 


SuEzAK, P. Intrafetal gas. Radiology, Nov., 
1967, SQ, 878-880. (Address: P. Slezak, 
Róntgendiagnostiska Institutionen, Karo- 


linska Sjukhuset, Stockholm 60, Sweden.) 


The roentgenograms taken in $3 cases of intra- 
uterine death were reviewed and analvzed. All pa- 
tients were examined by Edholm’s method to in 
vestigate: (a) the incidence of extravascular gas; (b) 
whether it is possible to distinguish intrafetal gas 
from maternal gas or from translucent tissue such as 
fetal fat; and (c) whether it is possible to determine 
roentgenographically in which vessels the gas 1s con- 
tained. 

With Edholm's method the maternal intestines are 
displaced and not superimposed on the fetal shadows, 
thereby permitting a differential diagnosis between 
intrafetal and maternal gas. 

Extravascular gas was detected in only 2 cases and 
was seen to be present in the vertebral canal in both. 
Blood vessels were usually easy to identify but it was 
difficult to ascertain whether the gas was in the 
arteries or veins. 

It was possible to determine whether the gas was 
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ternal gas was not difficult.—4. W. Sommer, M.D. 
Bucugr, R. (Paris, France.) Le lithopédion. 


cussion diagnostique et revue 
(Lithopedion; a rare pelvic-abdominal mass: 
diagnostic discussion. and general review.) 
X. de radiol., d'électrol. et de méd. nucléaire, 


Oct., 1967, 48, 537754. 


A 78 year old woman complained of rectal bleed- 
ing, the apparent cause of a prolapse. However a 
low-lying pelvic mass double the size of a grapefruit 
was palpated, and roentgen investigation showed a 
calcified fetus and membranes of 6 months’ size. The 
patient had been aware of the mass for 4o years and 
recalled that at the age of 2g years she was amenor- 
rheic for 7 months. 

Lithopedion is a rare condition, this being the 
264th case in the literature. It results from ectopic 
pregnancy, and develops in cases, wherein there is an 
absence of infection and the amniotic fluid is re- 
sorbed. Thereafter the cyst slowly retracts, and the 
fetus degenerates, mummifies and then calcifies. 
Usually the amniotic membrane is resorbed, al- 
though, as in this case, it may caleifv.—£Frank A. 


Riebel, M.D. 


GENITOURINARY SYSTEM 


Crark, Max D., EvigR, WILLIAM R., De 
Saunt, Lucite A., KocukopaN, EUGENE 
J, and Carpwett, Jorn R. The renogram 
in hypertension, Radiology, Oct., 1967, $9, 
667-675. (Address: W. R. Evler, M.D., The 
Henry Ford Hospital, Detroit, Mich. 48202.) 


There has been considerable discussion about the 
accuracy and interpretation of the isotope renogram, 
which has often been evaluated on the basis of other 
examinations such as arteriography, the Howard 
test, and the excretory urogram. The present study 
was undertaken to evaluate the renogram by the 
more definitive criteria of stud y of resected tissue and 
the one-year postoperative follow-up of patients 
undergoing definite procedures. After a review of 
approximately 3,500 renograms, $2 patients met 
these criteria. 

The technique for a rehable examination 1s de- 
manding and any deviation from routine will lead to 
inaccurate interpretation. All patients are examined 
in the prone position with head of the table elevated 
30 degrees to promote drainage by gravity. À moder- 
ate dehydrated state is used in that no food or fluid 
is allowed after midnight, prior to the examination, 
and the study itself is performed only between the 
hours of 8 and 12 in the morning. Ideally, the patient 
is off all antihypertensive medication, especially 


Vor. 102, N4. 3 


those of the diureric type. At the time of the exami- 
nation, 1 4c I?! orthoiodohippurate (hippuran) is 
administered for each 8 kg. of body weight. 

When the above technique is followed, an ideal 
normal renogram displays several characteristic 
features. After an initial deflection the accumulation 
phase of the renogram rises at least one third of the 
deflection to a peak which occurs 2} to 4 minutes 
after the injection. The descending limb becomes 
concave upward for most of the 5 minutes following 
the peak. The renogram of the 2 kidneys should be 
symmetric and show approximately equal concen- 
tration with the peaks not more than 4 minute apart, 
and the descending limbs of the same shape. Simul- 
taneous recording from a probe placed over the 
shoulder or head is desirable to permit estimation of 
total renal function. The tracing should be consistent 
within itself, in that normal peak times are associated 
with a normal shape of the descending limb. Simi- 
larly, a delayed peak should be associated with de- 
layed descent and resultant straightening or con- 
vexity of the descending limb. The most common 
cause of inconsistency is poor probe position. 

The authors emphasize that the isotope renogram 
should be compared to the normal rather than sim ply 
comparing the two sides. The renogram detects 
bilateral abnormalities whether symmetric or not 
and no other commonly used test offers this possibil- 
ity. 

Renograms can be categorized and used to predict 
the possibility of cure of hypertension as follows: 1. 
(0/52) both sides normal: no such cases were en- 
countered in this series due to the criteria and ab- 
sence of false negatives; 2. (7/52) one side normal, 
one side abnormal: the most favorable surgically 
curable situation with improvement of blood supply 
to or removal of the ischemic kidney; 3. (14/22) both 
sides abnormal but symmetric: in this series sym- 
metrically abnormal tracings have indicated diffuse 
arteriolar nephrosclerosis, glomerulonephritis, coarc- 
tation of the aorta or renal shutdown; 4. (35752) 
both sides abnormal but asymmetric: various com- 
binations of major and small artery (ie. nephro- 
sclerosis) disease may be present. These cases are 
also potentially curable depending on the combina- 
tion of lesions. 

No false negative renograms were encountered in 
the series presented and the authors conclude that 
renography is a safe and useful procedure for the 
evaluation of patients with hypertension.-— Edward 


B. Best, M.D. 


SKELETAL SYSTEM 


A 


Jackson Park Road, Portland, Oregon 97201.) 
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Two families with a syndrome of mu tipl» o se- 
dysplasia associated with characteristic ear sp. 
short stature, and transmitted by* autoscmal | 
nant inheritance, are reported. Dyspiasia ~ <he 
radiocapitellar joint with or without raa onead 
dislocation is the constant skeletal featuic. | 

Vertical transmission of the syndrs: o eov 
the generations is shown which is consist: wor 
dominant inheritance. Passage from father to sui 
rules out X linked inheritance and existence of fe. 
males with syndrome rules out*Y linked inheritance. 
The syndrome therefore appears to be non-sex linked. 
The gene is completely penetrant but has variable 
expression. 

Elbow dysplasia (capitellum) with or without 
radial head dislocation was present in all affected 
members of both families. 

Hip dysplasia or dislocation is reported in 4 of 13 
affected females in the 2 families and in none of the 
males. 

Affected members of the 2 families had a masculine 
appearance to the torso with wide muscular base of 
the neck, broad shoulders and horizontal clavicles. 
Roentgenograms of the scapula showed enlargement 
of the base of the acromion, the axillary border was 
concave and often scalloped, and the superior medial 
angle of the scapula was elongated to a palpable 
prominence. 

No apparent abnormality of wrists on physical 
examination was detectable; however, roentgeno- 
grams demonstrated consistent ulnarward sloping of 
the distal part of the radius as well as lack of normal 
volar tilt of the distal radius. Some had short meta- 
tarsals. : 

Auricular dysplasia consists of elongation of the 
lobe of the ear which is attached and accompanied 
by a small slightly posterior lobule. While this varied 
in severity it distinguished affected members in both 
families and was present at birth in the single new- 
born examined. 

The differential diagnosis of congenital dislocation 
of the radius occurring as an Isolated event, as well as 
the various skeletal and soft tissue syndromes with 
which this is associated, is considered. 

The author believes that the syndrome is best 
classified as a form of chondroectodermal dys- 
plasia.—RAzchard T. Browne, M.D. 


Roze, R., MazanRaUb, A., and Semar, P. Dys- 
plasie fibreuse des os et myxomes des tissus 
mous. Dégénérescence sarcomateuse localisée. 
(Fibrous dysplasia of bone and myxomas of 
soft tissues. Localized sarcomatous degenera- 
tion.) J. de radiol., d'électrol. et de méd, 
nucléaire, Oct., 1967, 48, 527-535. (From: 
Service de Radiologie and Laboratoire d' 
Anatomie Pathologique du Centre Médico- 
Chirurgical Foch à Suresnes, France.) 


The authors report a case of a female, aged 72 


* 


^. with leng standing extensive fibrous dys. 

2. sárzomatous degeneration, and the develop- 

L o^ myxomatbus tumors closely apposed but not 
aco c0 3 fo osseous lesions. 

+. -vev of the literature disclosed 8 similar cases. 

La > the osseous lesions preceded the musculo- 
"nous myxomas by several years, with the soft 
te € uponents variable in size and number. In 
stan caes there were café au lait spots, which 


ter. 


4akes it important to differentiate from neuro- 
fibromatosis. . 

These 9 instances of myxomas of soft tissues (gen- 
erally musculo-tendinous or aponeurotic) are asso- 
ciated with osteitis fibrosa, or a Jaffe-Lichtenstein 
fibrous dysplasia; or perhaps they should be indi- 
vidualized as a syndrome in the framework of fibrous 
dvsplasia.—Frank A. Riebel, M.D. 


Hoxr, D. D., Ponsen L V., PEDRINGMILLE, 
ANGIOLA, and Peprini, V. Multiple epiphys- 
eal dysplasia in two siblings: histological 
and biochemical analysis of epiphyseal plate 
cartilage in one. 7. Bone & Joint Surg., Dec., 
1967, 494, 1611-1627. (Address: D. D. 
Hunt, M.D., University of lowa, lowa City, 
Iowa $2240.) 


Multiple epiphyseal dysplasia, a hereditary dis- 
order, is reported in two siblings with ship capital 
femoral epiphysis. One patient had an osteogenic 
sarcoma of the femur. 

This entity is not to be confused with Morquio's 
disease as urinary mucopolysaccharides are within 
normal limits while in Morquio's discase a high uri- 
nary keratosulphate level is obtained. 

The parents gave no history of consanguineous 
marriage and one other sibling is reported as entirely 
normal. The family background listed no evidence of 
dwarfism. 

A report is made of the method and result of his- 
tologic studies on the amputated specimen. Bio- 
chemical analysis was also carried out on the ampu- 
tation specimen as well as urinary samples from both 
patients. The methods and results are reported. 

'The biochemical studies suggest an abnormality in 
chondroitin sulfate of the growth plate cartilage. 

The microscopic studies are reported and show a 
paucity of chondrocytes in all zones of the growth 
plate. Maturing cells were distributed in clumps with 
a complete loss of the normal axial orientation. 
Columns that had formed contained few cells. The 
vascular invasion along the epiphyseal side of the 
plate was uneven. Two types of abnormal calcifica- 
tion are described in the matrix. The calcified matrix, 
however, formed bone without difficulty when it 
reached the zone of primary spongiosa. Remodeling 
appeared to be normal with respect to osteoblast as 
well as osteoclast activity. 

The authors state that this is the first report of 
slipped capital femoral epiphysis in this entity. 
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They suggest that the slip may be due «> the struc- 
viral and chemical abnormalities of t... plates as 
described above.— Richard T. Browse aD. 


Han ey, W. Brian, McKusick, Vicror A., 
and Barranco, Frank T. Osteochondritis 
dissecans with associated malformations in 
two brothers: a review of familial aspects. 
3. Bone & Joint Surg., July, 1967, 494, 925~ 
937. (From: The Division of Medical Ge- 
netics, Department of Medicine, and Division 
of Orthopedic Surgery, Johns Hopkins Uni- 
versity School of Medicine, Baltimore, Md.) 


A review of the pertinent literature is presented by 
the authors pointing out that there are probably two 
types of osteochondritis dissecans. The one may 
occur in adults and older children, trauma being the 
major or sole cause. The other type occurs in children 
before epiphyseal closure. Many Joints may be in- 
volved in this latter type and may be associated with 
other froms of osteochondritis. Familial occurrences 
are also found. 

Two additional cases are presented of 2 brothers 
with multiple joint involvement. These brothers 
were somewhat unusual in that they showed in addi- 
tion to osteochondritis dissecans numerous develop- 
mental abnormalities including a striking facial ap- 
pearance, congenital ptosis of the eyelids, peculiar 
pinnae, fusion of the manubriosternal joint with 
pectus excavatum, cryptorchidism and short fifth 
fingers and toes. The elder boy was eunuchoid. Phe 
younger child had camptodactyly and partial syn- 
dactylv. 

'T he authors felt that the osteochondritis dissecans 
in their patients was probably secondary to develop- 
mental abnormalities which were the result of a 
single gene.—George 4. Miller, M.D. 


Hicuman, J. H. Congenital osseous rubella. 
Clin. Radiol., Oct., 1967, 78, 445-449. (From: 
Paddington Green Children’s Hospital, Paedi- 
atric Unit, St. Mary’s Hospital, W.2, London, 
England.) 


Rubella occurring in the first trimester of preg- 
nancy affects fetal development, resulting in con- 
genital heart disease (usually a patent ductus ar- 
teriosus), deafness, cataract and mental retardation. 
An epidemic of rubella occurred early in 1964 1n the 
U.S.A. A series of papers described new aspects of 
congenital rubella, the result of continuing active 
infection in the infant. The rubella virus could often 
be isolated from the throat, urine and viscera, and 
several contact cases of rubella occurred in nurses 
caring for these infants. Various authors noted low 
birth weight, thrombocytopenic purpura, hepato- 
splenomegaly, pulmonary consolidation, m vocarditis 
and bone changes, in addition to the usual evidence 
of cataract, deafness, mental defect and congenital 
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cardiovascular disease. The bone changes occur at 
the metav'iyses, particularly at the knee, and consist 
of a “moru-eaten” irregularity of metaphyseal con- 
tour, a transi scent metaphyseal band, and alternat- 
ing sclerotic strands and translucent strands per- 
pendicular to the metaphysis. The bone changes are 
of short duration and regress to a normal appearance 
within a few weeks after birth. 

Two cases of congenital rubella are described by 
the author. In Case 1 the newly recognized syndrome 
of congenital rubella was apparent when a positive 
rubella neutralizing antibody titer of 1:28 was found 
at the age of 8 months. Roentgenographic examina- 
tion the day after birth showed the lower femoral 
metaphyses to be irregular in the zone of provisional 
calcification, and the long bones of the legs showed a 
coarsening and irregularity of trabecular structure of 
the shafts. A metaphyseal erosion was noted at the 
upper end of the right humerus. Roentgenographic 
examination at 4 months revealed a fine sclerotic 
band at the distal ends of the radii and ulnae, tibiae 
and fibulae, and eventually the bone texture became 
completely normal in appearance. The child also had 
a patent ductus arteriosus, severe deafness and 
psychomotor retardation, 

In Case n the rubella neutralizing antibody titer 
was over 1:256 in the mother's serum, and 1 1256 in 
that of the child. On roentgenographic examination 
the femora showed failure of modeling distally, cor- 
tical thinning and loss of trabecular definition, sug- 
gestive of Gaucher's disease. Rubella virus was 
grown from the nasopharnyx and urine. This child 
had, in addition, a persistent ductus arteriosus, a 
cataract in the left eye, psychomotor retardation and 
an abnormal distribution of immunoglobulins. 

The author believes that in practice it is likely that 
congenital rubella will now be a more frequent cause 
for the described changes than congenital svphilis.— 
Samuel G. Henderson, M.D. 


GuistANzoN?, R., and Sanrouini, B. M. Con. 
tributo allo studio del granuloma esosinofilo 
dello scheletro, a localizzazioni multiple. 
(Contribution to the study of the eosino- 
philic granuloma of the skeleton, with 
multiple localizations.) Radiol. med., 1967, 
53, 641-652. (From: Istituto di Radiologia 
dell'Università di Genova and Istituto 
Ortopedico Elioterapico, San Giorgio, Gen. 
ova, Italy.) 

Two cases of eosinophilic granuloma with m ultiple 
skeletal localizations are reported. 

The authors follow the theory which groups eosino- 
philic granuloma, Hand-Schiiller-Christian disease 


and Letterer-Siwe disease under one nosologic uni- 
tyf. F. Govoni, M.D. 


Rixard, A. Broceari. L'osteolisi progressiva 
criptogenetica: rassegna della letteratura e 
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presentazione di un nuovo cas», (Progo 3 
cryptogenetic osteolysis: review ci ti s o 
ature and presentation of £ new cas. voa. 
radiol diag., 1967, 40, 263-536 m: 


Istituto di Radiologia e Terapia, Ur. -ensicy 


A case of progressive massive osteol va. cave. o i 
the right lower limb is reported. 

The patient, a female 13 years of age, was first s. , 
at the age of 2 years for a deformed right foot. Roent- 
gen studies demonstrated hypoplastic metatarsal 
bones, with deformed, and somewhat irregular con- 
tours, and diffuse, moderate demineralization of the 
component bones of the foot. 

Through the years, successive roen tgen studies of 
the right foot, then of the tibia and fibula and, finally, 
of the femur and right hemipelvis, showed the slow 
progress of the process of osteolysis. 

Arteriographic and lymphangiographie studies 
were within normal limits and so were the histologic 
studies from biopsies taken, on two different oc- 
casions, from the metatarsal bones and from the 
pelvis. 

In reviewing the literature the author found ss 
cases of massive osteolysis of bone, mostly in the 
second and third decades of life. In 23 patients in 
whom biopsy and histologic studies were performed, 
angiomatous lesions were demonstrated in the bone 
involved. 

In the opinion of the author the disease is secon. 
dary to neurotrophic disorders of the bone metab- 
olism.—;4. F. Govoni, M.D. 


DEtLLiPIANI, A. W., and George, M. Syndrome 
of sclerodactyly, calcinosis, Raynaud’s phe- 
nomenon, and telangiectasia. Brit, M. F., 
Nov. 11, 1967, 2, 334-335. (From: The De- 
partment of Therapeutics, The Royal In- 
hrmary, Edinburgh 3, Scotland.) 


This syndrome when compared with the originally 


described association between scleroderma and 
calcinosis (Thibierge-Weissenbach syndrome) is 


much more benign, From 1954 to 1964, only a3; 
cases have been reported. In the present report the 
authors describe 3 further cases, all females. 

In each case the component parts of the syndrome 
were well demonstrated. It is noted from the present 
cases and a review of previous cases that telangiec- 
tasia in this condition is not hereditary, predomi- 
nantly affects females, and has a wide age distribu- 
tion which on the whole usually occurs later than in 
the hereditary condition. 

The occurrence of signs of systemic scleroderma in 
the syndrome is discussed. It should be emphasized 
that this type of scleroderma tends to run a rela. 
tively benign course and that the progression of the 
disease is slow even in the presence of such systemic 
involvement.—YoAs E. Yenkins, M.D. 
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apre KRaeHakL R., COHEN, PHILIP, 
o8 Saata UR, Paur. Chondrosarcoma of 
rh, extr skeletal soft tissues: a report of 


over cases and review of the literature. 7. 


Poss 5 Faint Surg., Dec., 1967, 49.1, 1487- 
Pis . dress: Raphael R. Goldenberg, 


SLD. «<33 East Twenty-seventh Street, 
-terseca, N. T. 07504.) 


Cartilaginous soft ¢issue tumors completely de- 
tached from bone or cartilage, were first described in 
1870 by Paget. These lesions are usually small, less 
than 2 cm. in size, and benign in nature. The paucity 
of reports as regards malignant lesions of this nature 
in the literature lends support to its rarity. The lack 
of published cases of this entity as well as its exclu- 
sion from some pathologic textbooks further support 
the rarity of the entitv. 

The purpose of the authors is to review the 19 re- 
ported cases and record 7 additional cases of chon- 
drosarcoma arising in soft tissue. It is hoped that the 
lesion will be better defined and hence more often 
considered in differential diagnosis of soft tissue 
tumors. Excluded from this study are teratomas, 
mesenchymomas, and extraskeletal osteogenic sarco- 
mas. In addition, chondrosarcoma arising from 
periosteum and normal extraskeletal cartilage such 
as tracheobronchial tree and nasal passage is ex- 
cluded. 

No definite age group is established in this study; 
however, the lesion predominates in males approxi- 
mately 2:1. 

Countless sites of origin are reported with most in 
the gluteal region and lower extremity with only § 
in the shoulder and upper extremity and 1 each in the 
tongue, thoracic wall, and urinary bladder. The site 
of origin in muscle or connective tissue 1s discussed in 
each case. 

In the added cases, as well as those already dis- 
cussed in the literature, there were no distinctive 
clinical features and no case was diagnosed clini- 
cally. Most common complaints were pain and en- 
larging mass, the duration of symptoms varying 
from 3 weeks to 2 years. : 

The roentgen features are not characteristic. Sug- 
gestive diagnosis could be made when evidence of a 
soft tissue mass containing spotted areas of radi- 
opacity is identified. It was not always possible, how- 
ever, to visualize a soft tissue mass and calcification 
was not necessarily present. These lesions may erode 
or directly invade the bone. 

No report is made of malignant degeneration of a 
benign cartilaginous tumor of soft tissue origin. It 1s 
probable that extraosseous chondrosarcomas arise 
de novo rather than from pre-existing benign chon- 
dromas. 

Rather extensive discussion is given to the micro- 
scopic pathologv of the tumor including the ominous 
signs of high cellularity as well as large size of the 
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lesion. Speckied calcification was freque::: 
io the tumors even when not visile w 
gram. 

The difficulty of differentiating a surestcal or a 
para-articular chondroma from an vxeaskeletal 
chondrosarcoma by microscopic examination is 
noted. 

Recurrences as well as metastases are reported. 
The time of recurrence was as early as 2 months and 
as late as 14 years postoperatively. While metastases 
were less prominent, they are reported and these 
features make long term follow-up essential. 

The treatment of choice is by block resection which 
is the onlv form of therapy which offers a prospect 
for cure. Excisional biopsy is preferable to incisional 
biopsy because of the danger of implantation of 
viable malignant cells. The fact that metastases are 
somewhat uncommon permits the surgeon to at- 
tempt wider local excision of the primary tumor with 
hope for cure. When the tumor has recurred or in- 
vaded bone, amputation should be carried out. There 
are no reported cures of extraskeletal chondrosar- 
coma by radiation therapy. 

The tendency for local recurrence means that 
prognosis must be considered as guarded and close 
follow-up must be obtained in these cases.-Aichard 
T. Browne, M.D. 


SILBERMAN, Fernando S, KHouRv SOLA, 
CanLos, and CanngiNr, Romero L. A study 
of the vascular distribution after periosteal 
stripping of the long bones. Surg., Gynec. & 
Obst, Dec., 1967, 725, 1311-1316. (From: 
The Dupuytren Institute, Buenos Aires, 
Argentina.) 


The authors utilized 40 dogs in their study. Nine of 
these were used as control and 31 had periosteal 
stripping. In 9 of the stripped animals, a sheet of 
polyethylene was wrapped around the bone and placed 
between the bone cortex and the periosteum to pre- 
vent any attempt on the part of the periosteum to- 
ward vascular regeneration. One dog each was sacri- 
fced at 1, 2, 3 weeks, 2 months, 2}, 33, 4$ months 
until 1 year. 

They studied the vascularization by injection of 
micropaque in the aorta or carotid artery in an 
isotonic solution with the addition of formalin. 
Roentgenograms were taken of the whole bone first, 
and also in .os cm. sections after decalcification in 
nitric acid. 

The authors observed total absence of vascular 
paths in all diaphyseal zones, 7 days after stripping. 
There was slight decrease of endochondral vasculari- 
zation in the metaphysis. Revascularization of the 
whole diaphysis started at about 21 days. Increased 
vascular pattern was also noted in the enchondral 
area. From 2 months onward, the diaphysis had a 
well-developed vascularized pattern which was more 
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prone: — han that seen in the control group. This 
pattern, — s.evei, was different from the rormal 
characte: ie bipolar penicillate distribution of the 
blood vesser 

The grov .hat had a polyethylene sheet between 
the periosteum and cortex in growing bones showed 
complete absence of the vascularization in the dia- 
physeal area and necrosis systematically developed. 
On the other hand, the adult bones treated in the 
same manner showed persistence of diaphyseal vas- 
cularization possibly at the expense of the epiphys- 
eal-diaphyseal communication, as the epiphyseal 
plate no longer existed. One month after operation, 
the vascular pattern almost approached that of nor- 
mal. 

The authors believe that a relationship is evident 
between the stimulation of longitudinal growth and 
the increased vascularization in the areas corre- 
sponding to the metaphyseal zone.— Gonzalo CAua, 


M.D. 


Broom, Marvin H., and Osara, WiLLIAM G. 
Diagnosis of posterior dislocation of the 
shoulder with use of Velpeau axillary. and 
angle-up roentgenographic views. F. Bone & 
Joint Surg., July, 1967, 49.4, 943-949. (From: 


The Department of Orthopaedic Surgery, 
University of California School of Medicine, 


San Francisco, and the Department of 


Radiology, Franklin Hospital, San Franciso, 
Calif.) 

Posterior dislocation of the shoulder accounts for 
2-4 per cent of all shoulder dislocations. Reports 
indicate that up to £o per cent of such injuries are not 
initially recognized. Such dela ys may necessitate 
open reduction. 

Standard and many of the special views of the 
shoulder which may help to make a correct diagnosis 
are at times misleading or almost impossible to ob- 
tain. 

The authors propose examination in 2 new views 
which can be done without removal of the immobiliz. 
ing bandage and provides direct evidence of posterior 
dislocation. 

Velpeau Axillary View. “With the bandage or 
sling in place, the patients stand or sit at the edge of 
the roentgenographic table and lean 20-30 degrees 
backwards over the table. The cassette is placed on 
the table directly beneath the shoulder. The roen tgen 
tube is placed over the shoulder so that the rays pro- 
ject vertically downward through the shoulder to the 
cassette.” 

Angle-Up View. “This view can be done standing, 
seated, or supine. The cassette is held parallel to the 
long axis of the thorax and posterior to the shoulder 
joint. Bandages need not be removed. The roentgen 
tube is angled cephalad approximately 36 degrees to 
direct the central ray obliquely through the joint to 
the cassette." 
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The article is well illustrated with sas. i5 i 
diagrams and roentgenographic aene . 


Bioop anp LYMPH Sysrem 


l'EGAN, W. G., and Dororro, M fhe rare 
cally swollen leg. Brit. Í. O p ape 
54, 895-898. (From: Sir Patrik fou * 


Hospital, Dublin, Ireland.) 


Compression sclerotherapy in the treatment of 
postphlebitic limbs, even those with proximal 
obstruction, has been used at two Dublin Hospitals 
for 16 years on 18,000 patients, over 3,000 of whom, 
have had chronic stasis edema. 

Underlying successful management in these cases 
is a meticulous clinical examination to locate each 
incompetent perforating vein. Elastic bandage 
wraps to reduce edema prior to examination and 
occasionally phlebography are also used to evaluate 
the limb. Subsequently a sclerosing agent is injected 
into the incompetent perforating vein to cause 
intimal damage, thrombus formation and eventually 
fibrosis and obliteration of a segment of vein. 

The authors stress that three factors are essential 
for the successful employment of this method. 
First, compression must be adequate and uninter- 
rupted in order to prevent retraction of the venous 
wall from the thrombus and thereby prevent a re- 
current lumen from forming. Second, ambulation is 
used to stimulate rapid organization of a mature 
fibrous occlusion. In addition, this allows the pa- 
tient to continue his occupation and hospitaliza- 
tion is avoided during the course of the treatment. 
Third, prolonged inactive standing is avoided to 
prevent stagnant blood accumulation at high venous 
pressures that tend to separate the thrombus from 
the venous wall. 

The rationale of this treatment is dependent upon 
the physiology of the venous system. The m yofascial 
compartments of the lower limb are comparable to 
those of the heart, in that the deep veins and their 
valves are surrounded by muscle masses that pump 
the blood to the cardja against gravity. These pump. 
ing systems have both pathologic and physiologic 
reserve capacity. Despite damage to a few deep vein 
valves the system is able to function. Muscle paral-. 
ysis or hormone induced relaxation of fascia in preg- 
nancy can, however, overcome this capacity. The 
ability of the system to handle increased venous 
blood volume during exercise is considered its 
physiologic reserve. When the reserve is transgressed 
signs and symptoms appear. Treatment is designed 
to return the pumping system to within the limits of 
the reserve capacity by obliteration of the incompe- 
tent perforating veins. 

Chronic edema of venous origin may be due to 
perforating vein incompetence, deep venous valvular 
incompetence or obstruction of proximal deep veins 
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m operaki 
lise vein as iti. crossed by the right iliac artery near 
the osfr 7 vena cava has aroused interest recently. 
A conges ral narrowing has been found by several 
vesc tors and surgical correction has been ad- 
seed. ter; however, feel that venous obstruction 
slasedqs s « sufficient to cause massive clinical edema 
so. octulate that lymphatic obstruction due to 
i ivenous inflammation. following thrombosis 1s 
responsible. If venous occlusion alone were respon- 
sible, one would expect all inferior vena cava ligation 
cases to suffer the disability of venous stasis. 

Reentgenographic evidence of damaged deep and 
perforating veins can usually be demonstrated. 
Occlusion of incompetent perforating veins prevents 
blood leakage into superficial veins, increases deep 
vein pressure and thereby promotes development of 
collateral circulation. 

The authors conclude that compression. sclero- 
therapy even in obstruction, can be a successful 
method of treatment lending itself to repeated out- 
patient administration. foAn T. Underberg, M D. 


Cockerr, F. B. Venous causes of swollen leg. 
Bri. J. Surg. Oct., 1967, 54, 891-894. 
(From: Phe St. Thomas Hospital, London, 
England.) 


The venous causes of swollen leg are discussed as 
to their etiology and surgical treatment. 

Obstruction is classified as resulting from surgical 
ligature, external pressure due to pathologic condi- 
tions, and the iliac compression syndrome combined 
with ilio-femoral thrombosis. 

The amount of swelling in the limb depends on the 
level of obstruction and the anatomic availability of 
collaterals. Therefore, when a considerable length of 
vein is obstructed as in ilio-femoral thrombosis, 
which the author considers to be due to ihac com- 
pression by the left iliac artery, the edema is par- 
ticularly severe. 

Venography is recommended for diagnosis. 

The site of compression can be the thac veins or 
vein at the crossing of the right, common iliac artery 
or the bifurcation of the common iliac artery. Com- 
pression can occur under the inguinal ligament also. 
. The severity of symptoms depends on the col- 
lateral circulation developed and its efficiency. The 
author recommends measurement of the femoral 
venous pressure at rest and during exercise. Patients 
with a rise of pressure usually have severe symptoms. 

The selection of patients for operation and the two 
types of operation, bypass and thrombectomy, are 
discussed. 

As many patients exhibit a compression defect 
across the left iliac vein on venograms, it is the 
author's implication that the presence of collaterals 
is the criterion. for the consideration of clinically 
significant obstruction. Roger Pyle, M.D. 


TowNszND, Jetian, Jones, HucH, and 
Wotuiams, J. Epwuwr. Detection of in- 
competent perforating veins by venography 
at operation. Brit, M. J., Sept. 2, 1967, 2, 
s83~s8s. (Address: Dr. Julian ‘Townsend, 
Senior Surgical Registrar, Varicose Vein 
Clinic, Cardiff Royal Infirmary, Cardiff, 
Wales.) 


Varicose veins can be treated successfully by a 
radical stripping operation in which the whole 
system of diseased veins and related perforating 
veins is removed. Incompetent perforating veins are 
easy to overlook clinically and are especially impor- 
tant as a cause of varices that persist or recur after 
surgery. 

The venous drainage of the lower part of the leg 
(“zaiter-area’’) is through short perforating veins to 
the deep vessels, and only indirectly through the 
saphenous system. High intermittent pressures in 
the deep veins can be transmitted to the surface via 
incompetent perforators, leading to varicose ulcera- 
tion. Stripping the saphenous trunk does not destroy 
the perforating vein, which must be individually 
localized and ligated for good long-term results. 

The authors describe a method of operative intra- 
osseous venography employed at the Varicose Vein 
Clinic, Cardiff Royal Infirmary. Injection of 20 cc. 
of hypaque is made into the tibia above the medial 
malleolus after the leg veins were drained by raising 
the leg. Roentgenograms are taken in frontal pro- 
jection. 

Intraosseous venograms are simple to interpret 
because of the lack of superficial venous filling. In- 
competence is almost certain when a perforating 
vein is seen with localized filling of veins at its 
superficial end, for then flow must have been out- 
ward. An abnormal perforator is enlarged and may be 
irregular. A localized superficial varix is a strong 
indication of the presence of an incompetent per- 
forating vein. Rosalind H. Troupin, MD. 


GENERAL 
Hints, Exizanern A. Behcet's syndrome with 
aortic aneurysms. Brit, M. Y., Oct. 21, 1957, 
2, 152-154. (Address: Senior Medical Regts- 
trar, The Royal Infirmary, Cardiff, Wales.) 
This article deals with a case report of a 35 vear 
old man with Behcet's syndrome, characterized by 
recurrent oral and genital ulceration, inflammatory 
eye lesions and various systemic manifestations, the 
basis of which is related to an underlying vasculitis. 


the thoracic and abdominal aortae. At operation 
the vessels were thick and inflammed and there was 
also inflammation of the adjacent lymph nodes. The 
more serious abdominal aortic aneurysm was resected 
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pronis — nan that seen in the control group. This 
pattern, — :.evei, was different from the rormal 
characte*-:ie bipolar penicillate distribution »f the 
blood vessets. 

The gros .hat had a polyethylene sheet between 
the periosteum and cortex in growing bones showed 
complete absence of the vascularization in the dia- 
physeal area and necrosis systematically developed. 
On the other hand, the adult bones treated in the 
same manner showed persistence of diaphyseal vas- 
cularization possibly at the expense of the epiphys- 
eal-diaphyseal communication, as the epiphyseal 
plate no longer existed. One month after operation, 
the vascular pattern almost approached that of nor- 
mal. 

The authors believe that a relationship is evident 
between the stimulation of longitudinal growth and 
the increased vascularization in the areas corre- 


sponding to the metaphyseal zone.-—Gonza/o Chua, 
M.D. 


BLoom, Marvin H., and Osara, WinLtAM G. 
Diagnosis of posterior dislocation of the 
shoulder with use of Velpeau axillary and 
angle-up roentgenographic views. Y. Bone & 
Joint Surg., July, 1967, 494, 943-949. (From: 
The Department of Orthopaedic Surgery, 
University of California School of Medicine, 
San Francisco, and the Department of 
Radiology, Franklin Hospital, San Franciso, 
Calif.) 

Posterior dislocation of the shoulder accounts for 
2-4 per cent of all shoulder dislocations. Reports 
indicate that up to so per cent of such injuries are not 
initially recognized. Such delays may necessitate 
open reduction. 

Standard and many of the special views of the 
shoulder which may help to make a correct diagnosis 
are at times misleading or almost impossible to ob- 
tain. 

The authors propose examination in 2 new views 
which can be done without removal of the immobiliz- 
ing bandage and provides direct evidence of posterior 
dislocation. 

Velpeau Axillary View. “With the bandage or 
sling in place, the patients stand or sit at the edge of 
the roentgenographic table and lean 20-30 degrees 
backwards over the table. The cassette is placed on 
the table directly beneath the shoulder. The roen tgen 
tube is placed over the shoulder so that the rays pro- 
ject vertically downward through the shoulder to the 
cassette." 

Angle-Up View. “This view can be done standing, 
seated, or supine. The cassette is held parallel to the 
long axis of the thorax and posterior to the shoulder 
joint. Bandages need not be removed. The roentgen 
tube is angled cephalad approximately 35 degrees to 
direct the central ray obliquely through the joint to 
the cassette," 
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The article is well illustrated with case hie a 
diagrams and roentgenographic oco o baci ~ 
George A. Miller, M.D. . 
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lEGAN, W. G., and Doporro, M The iror 
cally swollen leg. Brit. T. Surg, ot, 2x 
545 (From: Sir Patrick fou ^ 
Hospital, Dublin, Ireland.) 
i 2 


895-898. 


Compression sclerotherapy in the treatment of 
postphiebitic limbs, even those with proximal 
obstruction, has been used at two Dublin Hospitals 
for 16 years on 18,000 patients, over 3,000 of who, 
have had chronic stasis edema. 

Underlying successful management in these cases 
is a meticulous clinical examination to locate each 
incompetent perforating vein. Elastic bandage 
wraps to reduce edema prior to examination and 
occasionally phlebography are also used to evaluate 
the limb. Subsequently a sclerosing agent is injected 
into the incompetent perforating vein to cause 
intimal damage, thrombus formation and eventual] y 
fibrosis and obliteration of a segment of vein. 

The authors stress that three factors are essential 
for the successful employment of this method. 
First, compression must be adequate and uninter- 
rupted in order to prevent retraction of the venous 
wall from the thrombus and thereby prevent a re- 
current lumen from forming. Second, ambulation is 
used to stimulate rapid organization of a mature 
fibrous occlusion. In addition, this allows the pa- 
tient to continue his occupation and hospitaliza- 
tion 1s avoided during the course of the treatment. 
Third, prolonged inactive standing is avoided to 
prevent stagnant blood accumulation at high venous 
pressures that tend to separate the thrombus from 
the venous wall. 

The rationale of this treatment is dependent upon 
the physiology of the venous system. The myofascial 
compartments of the lower limb are comparable to 
those of the heart, in that the deep veins and their 
valves are surrounded by muscle masses that pump 
the blood to the cardja against gravity. These pump- 
ing systems have both pathologic and physiologic 
reserve capacity. Despite damage to a few deep vein 
valves the system is able to function. Muscle paral- 
ysis or hormone induced relaxation of fascia in preg- 
nancy can, however, overcome this capacity. The 
ability of the svstem to handle increased venous 
blood volume during exercise is considered its 
physiologic reserve. When the reserve is transgressed 
signs and symptoms appear. Treatment is designed 
to return the pumping system to within the limits of 
the reserve capacity by obliteration of the incompe- 
tent perforating veins. 

Chronic edema of venous origin may be due to 
perforating vein incompetence, deep venous valvular 
incompetence or obstruction of proximal deep veins 
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Bo Pues iac veir. Deep veis valvular damage 
bo conerabs s itreatable. Obstruction of the left 
ine vein asiti. crossed by the right iac artery near 
‘he 7t 8 7 vena cava has aroused interest recently. 
A congr ral narrowing has been found by several 
scvesitotors and surgical correction has been ad- 

Jr however, feel that venous obstruction 
sione ds n s sufficient to cause massive clinical edema 
oa acctalate that lymphatic obstruction due to 
íosdvesous. inflammation following thrombosis is 
responsible. If venous occlusion alone were respon- 
sible, one would expect all inferior vena cava ligation 
cases to suffer the disability of venous stasis. 

Roentgenographic evidence of damaged deep and 
perforating veins can usually be demonstrated. 
Occlusion of incompetent perforating veins prevents 
blood leakage into superficial veins, increases deep 
vein pressure and thereby promotes development of 
collateral circulation. 

The authors conclude that compression. sclero- 
therapy even in obstruction, can be a successful 
method of treatment lending itself to repeated out- 
patient administration. Yohn T. Underberg, M.D. 
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Cockerr, F. B. Venous causes of swollen leg. 
Brit, f. Surg. Oct., 1967, 54, 891-894. 
(From: The St. Thomas Hospital, London, 
England.) 


'The venous causes of swollen leg are discussed as 
to their etiology and surgical treatment. 

Obstruction is classified as resulting from surgical 
ligature, external pressure due to pathologic condi- 
tions, and the iliac compression syndrome combined 
with ilio-femoral thrombosis. 

The amount of swelling in the limb depends on the 
level of obstruction and the anatomic availability of 
collaterals. Therefore, when a considerable length of 
vein is obstructed as in illo-femoral thrombosis, 
which the author considers to be due to iliac com- 
pression by the left iliac artery, the edema is par- 
ticularly severe. 

Venography is recommended for diagnosis. 

The site of compression can be the iliac veins or 
vein at the crossing of the right common iliac artery 
or the bifurcation of the common iliac artery. Com- 
pression can occur under the inguinal ligament also. 
. The severity of symptoms depends on the col- 
lateral circulation developed and its efficiency. The 
author recommends measurement of the femoral 
venous pressure at rest and during exercise. Patients 
with arise of pressure usually have severe symptoms. 

'The selection of patients for operation and the two 
types of operation, bypass and thrombectomy, are 
discussed. 

As many patients exhibit a compression detect 
across the left iliac vein on venograms, it is the 
author’s implication that the presence of collaterals 


significant obstruction. Koger Pyle, M.D. 


Townsenp, Juwan, Jones, HucH, and 
W.rLiAMs, J. EpMuwr. Detection. of in- 
competent perforating veins by venography 
at operation. Brit, M. F., Sept. 2, 1967, 2, 


583-585. (Address: Dr. Julian Townsend, 
Senior Surgical Registrar, Varicose Vein 


Clinic, Cardiff Royal Infirmary, Cardiff, 
Wales.) 


Varicose veins can be treated successfully by a 
radical stripping operation in which the whole 
system of diseased veins and related perforating 
veins is removed. Incompetent perforating veins are 


ne Es 
easy to overlook clinically and are especially impor- 
tant as à cause of varices that persist or recur after 
surgery. 


The venous drainage of the lower part of the leg 
(“gaiter-area’”’) is through short perforating veins to 
the deep vessels, and only indirectly through the 
saphenous system. High intermittent pressures in 
the deep veins can be transmitted to the surface via 
incompetent perforators, leading to varicose ulcera- 
tion. Stripping the saphenous trunk does not destroy 
the perforating vein, which must be individually 
localized and ligated for good long-term results. 

The authors describe a method of operative intra- 
osseous venography employed at the Varicose Vein 
Clinic, Cardiff Royal Infirmary. Injection of 20 cc. 
of hypaque is made into the tibia above the medial 
malleolus after the leg veins were drained by raising 
the leg. Roentgenograms are taken in frontal pro- 
jection. 

Intraosseous venograms are simple to interpret 
because of the lack of superficial venous filling. In- 
competence is almost certain when a perforating 
vein is seen. with localized filling of veins at its 
superficial end, for then flow must have been out- 
ward. An abnormal perforator is enlarged and may be 
irregular. A localized superficial varix is a strong 
indication of the presence of an incompetent per- 
forating vein. Rosalind H. Troupin, M.D. 


GENERAL 
Hiris, Enzaseta A. Behcet's syndrome with 
aortic aneurysms. Brit. M. F., Oct. 21, 1967, 
2, 152-124. (Address: Senior Medical Regts- 
trar, The Royal Infirmary, Cardiff, Wales.) 
This article deals with a case report of a 38 year 
old man with Behcet's syndrome, characterized by 
recurrent oral and genital ulceration, inflammatory 
eve lesions and various systemic manifestations, the 
basis of which is related to an underlying vasculitis. 
The author points out that while thrombophlebitis 
has been reported with moderate frequency, arterial 
lesions have not. Her patient had aneurysms of both 
the thoracic and abdominal aortae. At operation 
the vessels were thick and inflammed and there was 
also inflammation of the adjacent lymph nodes. The 
more serious abdominal aortic aneurysm was resected 
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and the patient is currently alive and his condition 
controlled hy steroids. 

The author presents evidence that this disease 
belongs to the auto-immune group and she empha- 
sizes that it is not rare in Europe, but the association 
is missed because patients are not questioned regard- 


ing the presence of oral and genital ulcers.— Roger 
Pyle, M. D. 


SHEPHERD, J. J., and Wricur, D. H. Burkitt’s 
tumour presenting as bilateral swelling of 
the breast in. women of child-bearing age. 
Brit. Y. Surg., Sept., 1967, 54, 776-780. 
(From: Makerere University Collése. Medi- 
cal School, Kampala, Uganda.) 


Burkitt’s tumor is a malignant lymphoma affect- 
ing mainly children in tropical Africa (Brit. Y. Surg., 
1958, 46, 218). The tumor cells have a characteristic 
morphology permitting identification and separation 
from other malignant lymphomas. 

The age incidence is maximum at 5-8 years, and 
the disease is uncommon after the age 15 years, thus 
being unusual in women of child-bearing age. In 
more than 600 cancer registry patients past 14 vears 
of age, only 17 female patients over the age 14 are 
recorded. In these 17 cases the most frequent organ 
affected was the ovary, but involvement of the 
breast, thyroid, jaw, orbit, spine and intestine was 
also seen. 

This report concerns § cases and an addendum of 
a sixth case of bilateral breast involvement in young 
females, either in late pregnancy or recently post 
partum. The predilection for the breast during 
pregnancy suggests that in the female the distribu. 
tion of Burkitt's tumor may be estrogen dependent. 
The only survival in the 6 reported cases was follow- 
ing cessation of lactation. 

It is now recognized that cases clinically, anatomi- 
cally, and histologically identical to Burkitt’s tumor 
occur sporadically in America and England, and that 
probably some previous reports of bilateral breast 
lymphosarcoma were in fact Burkitt's tumor.— 


Mark D. Reiss, M.D. 


Hott, J. M., Maver, F. G. H., Warner, G. T., 
and CALLENDER, S. T. Measurement of 
blood loss by means of a whole-body counter., 

Brit. M, x, Oct. 14, 1967, 2, 86-88. (From: 

Nufheld Department of Clinical Medicine, 

Radcliffe Infirmary, Oxford, England.) 


A method is described for the measurement of 
blood loss over periods of up to 3 months using radio- 
active iron and a whole body counter. The design of 
the whole body counter is reported elsewhere (listed 
in the bibliography). The principles involved are that 
7 to to days after administration of the radioactive 
iron most of the dose will be incorporated in circulat- 
ing red blood cells. In normal males and in post- 
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menopausal fema::s whole body rae civit: 
remain stable and any loss in the to ai i wody - o 
activity must represent blood loss. 

The technique was evaluated by studyir pot onts 
with polycythemia who had known amoun ot bloos 
withdrawn by venesection. 

Clinical use of the technique is ied Ny 
studies of § patients with hypochrom. anemie 
Accuracy and reproducibility of the meth i were 
very limited in blood loss volumes of under coon 
Even with loss of 400 to s00 mẹ. the standard devia- 
tion of the errors was 26 per cent. With volumes, 
however, of between 700 and 3,000 ml. over periods 
of time ranging from 1 to 97 days the standard devia- 
tion of errors declined to 14 per cent. The authors 
feel that this is sufficiently accurate for quantitative 
assessment of blood loss in patients with hypo- 
chromic anemia over longer periods of time. 

The simplicity of the technique allows its use on 
outpatients. 

The authors are currently investigating the mecha- 
nism of anemia in patients with hiatus hernia, ulcera- 
tive colitis and Crohn's disease as well as dlienins the 
procedure in the evaluation of hypochromic anemia 
generally.—Everett H. Yohnston, M.D. 


RADIATION THERAPY 
STRICKLAND, N. J., Borb, A. M., and Meno, 
W. E. Bronchial carcinoma with hyper- 
calcaemia simulating cerebral metastases. 


Brit. M. F. Sept. 2, 1967, 2, 590-192. 
(Address: Dr. N. J. Strickland, Medical 
Registrar, Kingston Hospital, Kingston- 


upon-Thames, Surrey, England.) 


A case of hypercalcemia from squamous cell 
carcinoma of the bronchus is described. The symp- 
toms of hypercalcemia (lethargy, mental distur- 
bance, anorexia and vomiting) resembled those of 
cerebral metastases. Preoperativelv, calcium levels 
greater than 15 mg./1oo ml., with low serum phos- 
phorus and normal serum dibumi were noted. The 
calcium levels returned to normal after removal of 
the tumor with permanent resolution of the symp- 
toms of cerebral metdstases. 

The authors note in their review of the literature 
that bronchial carcinoma (squamous cell type) is the , 
most common neoplasm to cause hypercalcemia in 
the absence of bone metastasis. Neoplasm induced 
hypercalcemia may be due to stimulation of the 
parathyroid glands, tumor production of a parathy- 
roid-hormone-like substance, or to factors unknown. 
Urinary calcium is not reliable as a guide since this 
may be either low or high.—Richard Y. Torpie, M.D. 





FRACCHIA, A. A., Raxbar, H. T., and Farrow 
J. H. The results of adrenalectomy in ad- 
vanced breast cancer in 500 consecutive 
patients. Surg., Gynec. & Obst., Oct., 1967, 
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» ors, »temorial Hospital for Cancer and 
1 Diseases, and the James Ewing 


bro, ay New York, N. Y.) 


Five 4 cdred consecutive patients with adre- 
nalectcs +, 0: cophorectomy and adrenalectomy, for 
advaucea z^ ast cancer in the Memorial and James 
Ewing Hospitals were reviewed. 

An objective remission or total arrest of 6 months 
or longer was achieved in 35.6 per cent of patients. 
Objective improvement was defined as a measurable 
decrease in the size of the primary lesion, local recur- 
rence or metastases as well as demonstrable regres- 
sion of metastatic pulmonary nodules, recalcification 
of osteolytic skeletal metastases, and no recurrence 
of pleural effusion. 

Selection of patients who have a high probability 
of responding is important because of the operative 
morbidity and mortality. 

Factors which increase the probability of response 
include a free interval from initial treatment to first 
recurrence or metastasis of 2 years or more, a pre- 
vious response to oophorectomy or irradiation cas- 
tration in premenopausal women, and an abnormally 
high vaginal smear index in postmenopausal women. 

Factors which should exclude a patient from con- 
sideration for adrenalectomy include central nervous 
system metastases, restrictive pulmonary disease, 
jaundice, hypercalcemia, (myelophthisic) anemia, 
pathologic fractures of long bones and sudden out- 
burst of disseminated disease. 

Patients with primary inoperable breast cancer, 
including inflammatory carcinoma, demonstrated a 
satisfactory remission rate. 

Oophorectomy and adrenalectomy should be con- 
sidered earlier in the course of advanced breast can- 
cer in patients selected on the basis of the factors 
favoring a response to adrenalectomy. 

Other palliative methods of treatment may be 
effectively employed in both adrenalectomy failures 
and in responding patients following relapse.— 


Robert I. Miller, M.D. 





RADIOISOTQPES 
Lrrrtg, J. M., McRag, J., Smrrananpa, M., 
. and Morris, J. G. Radioisotope scanning of 
liver and spleen in upper abdominal trauma. 

Surg., Gynec. & Obst., Oct., 1967, 725, 725- 

729. (From: Royal Prince Alfred Hospital 

and Department of Medicine, Nuclear Medi- 

cine, University of Sydney, Sydney, Aus- 
tralia.) 

Liver scanning can never replace careful clinical 
appraisal in the assessment of suspected hepatic 
trauma, but it can provide information which is not 
available with current roentgenologic techniques. 

The procedure of photoscanning with colloidal 
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rodioactive gold is simple, relatively atraumatic, 
and eccurate. Each 1:00 microcuries delivers a dose 
of only 4 rads to the liver, nd no liver damage has 
heen found. Lesions 3 to 4 em. in diameter have been 
detected. 

The presence of a normal convex outline of the 
upper surface of the right lobe is especially useful in 
excluding extensive subphrenic collections from any 
cause. 

Serial scans can provide a record of repair and 


regeneration.—rch H. Hail, M.D. 


Woopsury, Davip H., and BEIERWALTES, 
WiLLiAM H. Fluorine-18 uptake and locali- 
zation in soft tissue deposits of osteogenic 
sarcoma in rat and man. J. Nuclear Med., 
Sept., 1967, &, 646-6:1. (From: Department 
of Internal Medicine [Nuclear Medicine], 
University of Michigan Medical Center, 
Ann Arbor, Mich.) 


Fluorine 18 has been demonstrated to concentrate 
in the region of metastases to bone, and also in the 
region of primary bone tumors. The authors under- 
took to determine whether this radionuclide, given 
as the fluoride, could be used to scan soft tissue 
metastases from osteogenic sarcoma. 

The authors first studied a mature rat who had 
developed a spontaneously occurring osteogenic 
sarcoma. The tumor was transplanted to several soft 
tissue sites, and 1 me fluorine 18 was given. The 
animal was scanned, directional counts were made 
over the primary tumor, the metastases and a num- 
ber of body sites, and the soft tissue tumors were 
then excised for histologic study. Some of the slides 
were prepared for autoradiography. F!5 was found to 
localize in the soft tissue tumor transplants in this 
animal, and there was evidence of the presence of a 
good deal of radioactive fluoride between and about 
the malignant tumor osteoblasts. 

An 18 year old man presented himself for study 
after he had undergone a right lower extremity 
amputation for osteogenic sarcoma. When tested by 
the authors he had evidence of multiple metastatic 
lesions in the lung. A dose of 1.5 me of F? was given 
by intravenous injection and 1 hour later posterior 
and anterior scannings of the chest were performed. 
These showed sharp and definite localization of E75 
within metastatic lesions, suggesting that this agent 
might be used to detect early metastatic lesions in 
planning the treatment for primary osteogenic 
sarcomas.-~Frederick F. Bonte, M.D. 


Yeu, SuiN-Hwa, and Kriss, Joseru P. 
Distribution and scintiphotography of a new 
complex, pentavalent technetium-9g9m ci- 
trate: studies in the rodent. 7. Nuclear Med., 
Sept., 1967, &, 666-677. (From: Division of 
Nuclear Medicine, Department of Radiology, 


Vot. 102, No. 4 


Stanford University School ot 


: Medicine, 
Palo Alto, Calif.) : 


The authors preparea a pentavalent Tc? citrate 
complex by reducing pertechnetate with ascorbic 
acid in the presence of thiocyanate, and thereafter 
forming the complex by a substitution reaction with 
citrate and Tc?" thiocyanate complex. The citrate 
complex was identified by chromatography. Dis- 
tributions of the Tc” citrate complex were carried 
out in mice and rats, and compared with the distri- 
bution of the same radionuclide as pertechnetate. 
Various organs were sampled and the data were ex- 
pressed as percentage of injected dose. A parallel 
distribution study was carried out by means of 
scintiphotographs made at intervals after injection 
of each of the emitters. 

Both of the distribution studies showed clear and 
specific localization of the Tc? citrate complex in 
the urinary tract, suggesting that this compound 
might be a potential agent for scanning the kidneys 
in humans. 

The authors feel that citrate toxicity will not be a 
limiting factor. The critical organ with 'Tc??» citrate 
complex is the kidney. In the rat a dose of soo uc/ kg. 
gave a renal absorbed radiation dose of only o.2 
mrad. 

The agent deserves further study as a renal scan- 
ning tracer.—Frederick Y. Bonte, M.D. 


RosENTHaALL, Leonarp. Visualization of the 
bone marrow with technetium-ggm sulfur 
colloid. 7. Canad. A. Radiologists, Sept., 
1967, 75, 407-411. (From: Department of 
Radiology, Montreal General Hospital, 
Montreal, Quebec, Canada.) 


The bone marrow has been studied by means of 
scintillation scanning with a number of tracer agents. 
Fe? emits gamma photons of an energy too high 
(1.1 and 1.29 mev.) for effective collimation. A 
number of colloids, principally Aw! have been used 
in the past. The 2.5 mc tracer dose of colloidal 
radiogold which is usually employed delivers a high 
marrow absorbed dose of from 7 to 18 rads. Newer 
agents include colloidal indium 113m and technet- 
ium g9m sulphur colloid. The author prefers the 
latter agent, and after preparing it by the method of 
Patton e£ al, administers it in tracer doses of § mc. 
Scanning is begun one-half hour after tracer admin- 
istration and scintiphotos are made with a large- 
crystal scintillation camera. Premedication with 
250 mg. of potassium perchlorate is given to prevent 
the uptake of free Tc?" by the thyroid gland. 

The author shows a normal study of pelvic mar- 
row, and presents 5 examples of marrow replacement 
by tumor. He shows a case in which marrow activity 
is definitely reduced within the bony pelvis as the 
result of prior radiation therapy. A final case illus- 
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e 
trates expansion of the bone mar, 
with hemolytic anemia. 
Technetium ggm sulphur colloid #ppears sc a 


satisfactory agent to scan the marrow wits cou ced 

patient radiation dose.—Frederick Y. ie. , | LD. 
poe ie + Bi " 

Copau, CHaRLESs D., Simons, . ^. LES Da 


and Meyers, Murir C. Accidental over. 
dosage with radiophosphorus: therapy bv 
induced phosphate diuresis. Am. T. M. Se., 
Oct., 1967, 254, 451-463. (From: The De- 
partment of Internal Medicine and Radic!- 
ogy, The University of Michigan School of 
Medicine, Ann Arbor, Mich.) 


This is a report of an accidental overdosage in the 
administration of radioactive phosphorus 32 because 
the stock solution was labelled incorrectly with g 
instead of 10 used to designate the month of October. 
As a result of this error, 16.2 rather than 4.05 mc of 
P? was administered orally. The error was discovered 
so that on the ninth post-treatment day the patient 
was admitted for observation and an attempt to 
induce phosphate diuresis. . 

The hematologic consequences followed closely 
the course anticipated on the basis of previous studies 
of the effects of ionizing radiation. Between the ninth 
and the thirteenth day a fall in the counts of all 
blood cells was observed. Thereafter these counts 
fluctuated at depressed levels until the recovery 
phase which was observed during the second month 
after P? administration. 

Because of the likelihood of the anticipated bone 
marrow dose of 954 rads resulting in permartent and 
fatal hypoplasia of the bone marrow, an attempt was 
made to increase elimination of the isotope in the 
urine through induction of phosphate diuresis by 
administration of stable phosphorus, calcium gluco- 
nate and parathormone. Subsequent analyses of the 
excretion of P? showed a decrease in the effective 
half-life from 11.2 to 4.8 days, equivalent to a seven 
fold increase in the rate of isotope excretion. As a 
result, the anticipated exposure to the bone marrow 
was reduced by 38 per cent. By the 16sth day follow- 
ing exposure, the patient had recovered fully from 
the immediate hematologic effects of excessive 
radiation exposure.—Merle K. Loken, PAD., M D. 


CHEMOTHERAPY 


SULLIVAN, Rogert D., MiLLER, EDWARD, - 
ZUREK,  WriabvstaAw Z.,  OBERFIELD, 
Ricuarp A., and Opma, Yorcur. Re-evalua- 
tion of methotrexate as an anticancer drug. 
Surg., Gynec. © Obst, Oct, 1967, 725, 
819-824. (From: The Departments of Cancer 
Research and of Internal Medicine, Lahey 
Clinic Foundation, Boston, Mass.) 


"t \ostracts of Radi 
. 

Abeco = was o: finally! used to produce 
ticpec tv com sions of acute leukemia in children. 
Fio s s ud t ners was disappointing. One reason 
vu Joe shedule-—-$ mg. per day orally or 

pre ot. Uxeretion of the drug in 4 to 8 hours 

8 ", a transient antimetabolic effect. To 


yoo ha. Tact, € mg. per day was given either in 
EU : intravenous infusion per 24 hours for 
noo cisUgec patients or in 4 equal oral doses of 1.25 
_ Tels was continued on a daily basis until signs 
sí dw city appeared-€usually in $ to 10 days. Man- 
^ sations of toxicity usually disappear within 4 to 

ays. Repeated courses of therapy are then given 

“ag as evidence of Improvement persists. 

‘). hundred sixty-one patients with vartous 
cans of solid tumors were treated with approxi- 
mately 30 per cent objective tumor response being 
obtained. This was characterized by pid of 
so per cent or more of all measurable disease asso- 
ciated with clinical benefit and maintained for a 
period of at least 2 months. Duration of remission 
varied from 2 to 14 months and averaged 4.4 months. 
The therapeutic activity of methotrexate in solid 
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tumors compares favorably with other cancer 
chemotherapeutic compounds currently in use.— 


Yohn Thomas McMurray, M.D. 


MISCELLANEOUS 


HopckiNsoN, A., Norpin, B. E. C., HAMBLE- 
TON, JOAN, dnd Oxnv, C. B. A oM s 
absorption in man: suppression by calcium 
and by sodium alginate. Canad. M. A. J.s 
Nov. 4, 1967, 97, 1139-1143. (Address: A 
Hodgkinson, Assistant Director, Medical 
Research Council, Mineral Metabolism Unit, 
The General Infirmary, Leeds, York, En- 


gland.) 


Intestinal epithelium preferentially absorbs cal- 
cium more efficiently than strontium or barium. This 
biologic discrimination must be enhanced to prevent 
the absorption of appreciable quantities of radio- 
strontium from contaminated foodstuffs. 

It has been shown that the intestinal absorption 
of radiostrontium in man is inversely related to the 
dietary intake of calcium and is inhibited by orally 
administered sodium alginate. Sodium alginate also 
inhibits the absorption of radiocaletum but to a lesser 
extent than radiostrontium. Measurements of fecal 
magnesium, iron, copper, and zinc indicate that 
sodium alginate also inhibits the absorption of these 
metals. 

When the sodium alginate was given 30 minutes 
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bore thg i stopes, plasr 
r duc, bus maximum huw «s 2 4 i. gan 
bike was observed whe ^^ 7 jS 3 
„ministered simultaneousi, t: ss 
finit of sodium alginate for io. i 0. 0s 
calcium, and magnesium decrease co i C EN 
Fe >Sr>Ca > Mg. It was concluded |. 5s 
of metallic irons by sodium alginate 7 2. c joa 


exchange mechanism, with the binding <; s adert 
upen p Peis Minor * abolished below ,41 2.0. 


Hestor, R. W., Oakraxp, D. J., and Marc:ox, 
B. X lirasonie therapy in Peyronie’s 
disease. Brit. Y. Urol, Aug., 1967, 30, 415- 
419. (From: The Dep: wtments of Urology 
and Physiotherapy, Queen Elizabeth's Hospi- 
tal, Birmingham 15, England.) 


A one megacycle per second ultrasonic beam has 
been used to treat g cases of Peyronie’s disease. 
Duration of therapy ranged from 6 treatments over 
1 month to 42 treatments in 2 courses of 1 month 
each. Each application lasts 10 minutes and during 
this time the applicator is moved over and around 
the plaque continuously so that the beam passes 
E the Dex in the shaft of the penis at various 

sle of the beam pro- 
duced by moving T RE pu sad is important 
as considerable heat may be generated at the point 
of exit of the beam and in 1 case superficial blistering 
occurred 24 hours after the first application. 

The administered beam in current use is a non- 
pulsed beam of 3 watts/cm.* intensity. Thyxotropine 
“P” ointment is applied to the penis as a coupling 
medium. 

'The results obtained in this series compare with 
those of other reported series in that irrespective of 

the treatment given, approximately 2/3 of men with 

Peyronie's disease were able to resume intercourse. 
Furthermore, these results compare closely with the 
untreated group reported by Ashworth (1960) in 
whom 6 of the 8 patients had resumed intercourse 
although with diminished satisfaction. 

The authors found that early relief of pain was 
achieved in all patients after a short course of ultra- 
sonic therapy. 

Ultrasonic therapy proved extremely simple to 
administer on an out-patient basis and all patients 
showed marked psychologic improvement. By its 
very simplicity ultrasonic therapy seems to have 
material advantages over radiotherapy, surgery, 
steroid therapy or other drug administration.—~ 


David A. Lightfoot, M.A. 
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“vay tube is often overloaded as a result ; 
-ure frequency. Stepped-up numbers of examinat.. 
„er study, together with markedly shortened film pré. 
mes. create a condition which requires greater x-ray «eos 
capacity. 
m Anticipating this escalation in x-ray exposures, Machlett fueg 
"as increased the thermal capacity of all rotating anode | 
from the Dynamax “HD25" to the Dynamax 


(«ay be 
‘dition, the larger, higher rated tubes such as the 


AE b 
: i 


60" and Dynamax "61" have been made available. 


“g 
" |. ,3tt is prepared to assist you in selecting the x-ray 


j. | 
as Avus jj stadequate for today s work 
ns *'* ycur x-ray dealer or 


T p d n Nia eal Laboratories, Inc., 





E Dynamax rotating 
de 5 no^ ^ 4t meets your needs. 
de RARCos so SBORATORIES, INC. 1063 Hope Street, 


doe mue  GEUBSOK 


ev 004 © MACHLETT LABORATORIES, INC. 
mo cae Gs ae A" 
A cin Beet s 2 (RARE OO AT EON COMPANY . 
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^y means greater utili- 
Zuo of examination rooms and 
equipment... dry, ready-to-read 
film 90 seconds after the conclusion 
of the examination . . . significant 
speeding up of examinations that 
require processed films during the 
procedure ... improved flow of 
" doctor-ready" patients. 





1. As published in the September, 1967, 
JOURNAL OF THE CANADIAN AS- 
SOCIATION OF RADIOLOGISTS, Vol. 
XVII, pages 389-392. For your copy 
of the full report, write: Eastman 
Kodak Company, Radiography Mar- 
kets Division, Rochester, N.Y. 14650, 
or contact your Kodak Technical Sales 
Representative. 





... to the patient, hospital, 
and technologist 


Kodak's 90-second processing sys- 
tem is meaningful to the patient, 
too. For one thing, he benefits from 
the better, quicker, more efficient 
care the radiological team can ren- 
der. He can be released without the 
need for call-backs because it is 
possible to make adequacy checks 
immediately following exposure. 
Anesthesia time during special pro- 
cedures, radiologists report, can 
often be shortened. Also, it has 
been reported that treatment, in 
some cases, can be started sooner. 

The hospital and the radiologist 
with an office practice profit k=- 
cause greater efficiency mean: 
greater economy. And, most impoi- 
fant, space is more productively 
used because of greater processing 
volume. 

The technologist becomes more 
efficient working with the Kodak 
?0-second processing system. Im- 
mediate film access reduces film 
loss or misplacement. Quality im- 
proves because technic can be 
checked before the oat'ent leave: 


EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, N. Y. 14650 





+ 
the room; finished radiographs ca 
be correlat sd with. the technic usec 
And there's no time oss and confi 
sion ofa pr. ess, y ^acklog. {Onl 


6 minutes cie zc varcd to proces 
a 20-film, 14 . ‘A Series in i 
Kodak RP X: f Processo: 
Model M6.) ) s 

How do yee 42°79 
installing a 9C-sec. voou RI 
X-Omat System is « "ET 
dering the compac, TE 


X-Omat Processor, Mou: 
first processes dezune: 
second proce cus ihi 
ess than 5 


"ree, 


“ray therapy, the Mevatron 8 also generates the higher € «^ v ~ 


* 





"etherapists who don't want to be limited to routi 
cn the extra capability of Mevatron 8. A reliable acct” at ` 






4 dose rates necessary when other types of treatment a. . dic 
squipped with Mevatron 8 can perform nearly any type c* rac ~ 
prescribed — as well as most types presently ` 


Controlled electron therapy. Energy levels = 
permit electron treatment of tumors as deep as 4 cm. Depiho ` 
varied as required, and dose rate is automatica" 


Hyperbaric oxygen therapy. Mevatre 
i dose rates up to 2000 rads / min for hyperbaric oxygs. 
ʻo allow ample space for the hyperbaric chambers, the be  . si 
is retractable and the treatment couch is easily r mo Ges. 


Uere et 






= Rapid set-up. 

: Fully motorized couch, 
= wedge filters and 
AN new beam shaping 
u > kit expedite patient 
set-up, enabling more patients to be treated 

per day. The couch lifts, rotates and moves horizontally 

° under pushbutton control. 


Unequaled reliability. Mevatron 8 is 
built with the most dependable electronic circuitry 
available — principally integrated circuits and other 

TEN « lid-state devices developed especially to enhance reliability. 
dt t . A To back up the intrinsic reliability of the system, we offer 
E a mprehensive preventive maintenance and service program. 


| Send for complete info: ation 
2.04 North Main Street, Walnut Creek, Cafu v. 14596. 
Phone (41519. — 250. 
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“Too demanding of information to sacr: - : 
quality for the sake of speed. And vice v: rs- 


A S 
ett 


To date the Radiois' 

a large patient loada, he 
maximum information, "f 

really had only two kinds 

either (1) good images, * s 

or more recently (2) higherzugS:; =a 
expense of picture quality. but S Cf 
neither choice is quite approprié 
need, there now comes 4 third option, the 
Dynapix. Design goals: maximum 
information | minimum time. is this actually 
possible? isn't compromise inevitable? 


A totally new approach obviated the need 
for compromise. The Dynapix is a 
completely unique radioisotope imaging 
device which has, among other things, 
ten (101) scintillation detectors working in 
concert, each detector with its own 
focusing collimators, each detector with 
its own electronics. 

The practical import of this? 

High speed 

Since each of the ten scintillation 
detectors has its own electronics, the 
whole assembly can count many times 
faster than a single detector of any Size. 
There is no faster detection system noW 








ee | 07 








* 
XE. sd than that of other high-speed instr zie o. 
» teal and has no distortion at the edges. 
a Oe _, Other important features, briefly TON sce 
atori to | .(iVThree types of da: areadout provid: | 
iz ation. Linaximum flexibility: TV screen, Polaco 
camera (positive or negative film), and _ 
gite. scaler. 
s Uo KE SOME eae gach (2) Magnetic tape storage of total data for 
Po ^ 9 ."pators rapid playback at variable data 
He d£ e QS Six enhancement settings. Vis 
DON. i Mes sog (3) Easy to use: experienced workers in 
can * dteoud Sut the "out this field can be getting usable Dynapix 
proi <€ St ule crystals. scans on the day of installation. 
i pix T ontrast (4) The Dynapix produces pictures which 
T ~ bly »duces 64 grey are familiar and can be easily related to 
e du ne counting rate one's prior experience. 
^U He Finally 
iot fhe The Dynapix has been proven in major 
«x full 10” x 20" which clinical installations. This enables us to 
- '" "it aging of most organs provide proof of the many claims above. 
mo. x4 "30 üugh-speed whole body Accordingly, the object of this entire 
SC. ^* eral adjacent scans. presentation is to solicit such challenges, š 
pte 55: {least 2'4 times larger and to leave you with the simple message: 


Dynapix provides maximum ii... °.atior : 
minimum time: Now demand pr: * Dy 
requesting data file 114X 


PICKER GLEAN 


1275 Mamaroneck Avenue, T 
White Plains, New York 10605 
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"FORM in a 10-minute color film 


w'tal...at 





EN 
w oe 





a time of your choice 


ber `s amazingly Fora detailed action demonstration, arrange 
e y to a wide today to see our 10-minute color film. To 
nt, including arrange a private viewing at the best time 

- units, Varian and place for you, phone or write to Mr. 


Frank Fegan at our main office. 


d — from selt- 


3on hydraulic 
sy to install THE Hyperbaric Oxygen Therapy Division 
sed 5 CORPORATION FSTABL'SHED 1956 
; ask fo Bulletin 8161. 225 W, SECOND STREET 1& * o WEM, Cs uS T. p 





i rstanc | 
;.i a's Profexray Division 
l| a: delivered 452 of those 
r ew film processors 
(the 90-second/3”-minute 
ones), and nobody's 
taken ‘em up on 
their money-back 
euarantee." 





mf 








'o far, so good. Pemeonbder ovr stru ayet, soo Pia far Jcà water a: otherun S, with 
Yor a few months ago? A no- mo istan ial savii ós in elect : heat- 
trig cs mei șy -back g iarantee on a e. as stand easy. co 
DD aic 51m professor? The oie busuvash sed adjust- cned—alri idy—a 
9" wq interchangeable at no tii de sotally access: te from the ena rd of con nuous, 
syst between 90-second and 31⁄2- top 2e picture below). i ration. 
minute cycles (or 7-minute, for that Wi ke to see how this 
maizr; The one that costs about revo rocessor performs 
halt the zoma price for a 90-second in yOui ment? There's still 
proc ssor. time for Our 60-da | mo^ey- 
V^ delivered 452 so far, and back guara. ce still goes. Anc the 
ib ; & ked for hisermnoney unit's everyching we sa; 
aC u wonder why not? Profexray Division of Lition 
Bea! „aew Profexray auto- Industries guarantees ! ur local 
mejic ot cessor is more rugged Profexray serviceman , 15751908 





the. ‘he others. Notice the gear 
trav, ^ tae unit above. The gears 





Because whether or not the 
unit is cleaned daily makes no 
noticeable difference in its opera- 
tion (chemical replenishment is a 
positive, cycled stream; there are no 
drip-drip-drip mechanisms to clog). 

Because the Profexray automatic 


it. And you're getting if for * H le 
under half-price. 
That's worth something. isn’t it? 
As a start, let us sen: ^^ — *ot« 
information. Phone ve nca! 
Profexray representative. € 
for a free brochure on tiie new 
Profexray automatic 90-secorid rim 
processor. You'll have to agre» 
works better than any other »7o:- 
essor you can buy. 


are : - t three times bigger. Con- processor uses about à third as Or you get your money back. 
= PROFEXRAY [H 
DIVISION OF LITTON INDUSTRIES 





515 East Touhy Avenue * Des Plaines, Illinois 60018 








¿iten save lives when hypertension results frc i 
~i arteriography is an important part of radiolcgic $ 
-— | "ised, based on obtaining good conirast in the ree 
"ifs . * Nill give a high degree of suspicion of renal ischen... 








" «. .£hnique, a catheter is introduced into the femora.. 
. t = ^opropriate level at or slightly above the orifice 7 
* Me i of the renal artery system can be achieved with i 


: d i à PM or be 


có] 3750 y f vay can rely on both the diagnostic accuracy and rej.” xx. We 
fet o5: 77. Sodium 50%. Pu 


wot ue so sm (brand of sodium diatrizoate) for myelography. Injection gr Oi 
the so coste =z, ace may produce convulsions and result in fatality ONY y 


we dons: o ost * ^3 destruction associated with severe uremia, se 
< Moma. d 


(200 0 To zautie i. 07 io. iu advised in patients with hyperthyroidism, hyper 
t tive tub. ou cS, onda history of asthma or other allergy, especi^ 


£ cautions ior .ranslumbar Aortography: This procedure, although ofta; 

Sen used only .vnen more conservative diagnostic measures are inate; tg 

HY} produces considerably fewer untoward general and local reaction. tu : «: 

dan. aortography include: (1) Renal damage and shutdown. (2) Neürolo. H in 

OCEL. only 0.22 per cent of patients in one study). (3) Cardiovascular compl: 

card a. 2st or failure and coronary occiusion (these occurred in 0.09 per cent c. 

(4) F mor hage from puncture site. (5) Necrosis of the intestinal wall if agent is z 

‘he superior mesenteric"artery. (6) sensitivity to the medium. Special caution is ad: oc og 

intrathecal injection. «al 
^. Effects: Such agents may produce symptoms of an anaphylactic nature in sensitive’ ii 


^1; be watched carefully during injection as Serious reactions, including fatalities,” i s 





irior ^v csed media. Although allergic reactions generally occur quickly, OCCaSIE se 8 N 

festes for 10 or even 15 minutes. Warning signs and symptoms of possible intolejer ste R 

?ratory difficulty (wheezing, dyspnea or sensation of suffocation, and tightness E 

*  4nB, itching or urticaria, nausea or vomiting, and fainting. Minor reactions, Sy . . T. 
sive salivation, flushing, dizziness, urticaria, and muscular twitching may occ e s 

< in persons with a history of bronchial asthma or other allergic manifestations Q* P 

ae. Infrequently “iodism” (salivary gland swelling) from organic compounds: 


Preventive Measures: The following precautions have been recommended to help p: 
venous urography: (1) obtain a history of personal and familial allergies (for ex . 
hay fever, and eczema), of previous iodine studies and of sensitiv” > to iodine ane 
preliminary sensitivity test, (3) give preliminary antihistaminic m "ication, anc 
hand for emergency use. 7 
Because of the possibility of inducing temporary suppression of ; it is wie 
least 48 hours to pass before repeating excretory or retrograde ree 
bilateral reduction of normal renal function. 


Supplied: In sterile aqueous solutior mpuls of 30 cc. (with 1 cc. tei 
rubber stoppered vials of 20 CC. a^ — JcCC., and boxes of 1, 10 and 25. ] 


*Radiologists. ^ould studv t - ge insert for information on dr 
anaphylaxis, | ic. f untoward reactions befor: & 


1 i brand of Sr a 


.. BIONEERS IN PRODUCTS FOR RADIOLOGIC. zo. 
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| a . uipment for 
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* v 4. badge. Sim - “ont. Easy to use. 


wW, makes soo t personal radia- 
3onitor p s^ and his staff? 
*en "s eo. mans H oeoands supplied 


bo épope e dt a nim-badge service, the film- 
bo. dpi - umber of unique advantages. 

; „aple, in the evaluation of low- 
$0 27e thi” exposures. Economy, too-— 


Jm ua :) Nuclibadge service on a fre- 
Sw! da o cstches your monitoring require- 
oats anco u are assured. that your exposed 


pg te s of your xposure reports will be 
att 3 on file . uclear-Chicago. 

Po. you'd lih. o know more about the 

r of per: onal radiation monitoring, 

and oe like. They're all covered 

age »ooklet, "Answers to Your 

t hdi ion Monitoring.” To 


ree, ot "py, se use tb^ coupon. ze 
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Yes, a single 

AUER SIMULYAN-MULTE Cl 
CASSETTE will give you as m" y a 

(or as few as two) simultaneous “cuts — a 
single X-ray exposure. 

This ingenious development, vh its per. 


graded sets of intensifying eo €03 fits all Buck y 


diaphragms and requires ification of your 
present equipment. 


ft 


Available in 87x 10", JO sie and pe sizes, 


Ask yer socal X- v aer or 

PIN write f° descrip och: 
PHYSICIA N | 

£QUIPM. = ra 
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""'s Ye of tao 246 control combinations : 
v ^*4tta^ c.d's new Optima X-Ray Se 


ati. 


. design concept in 
eto "nay Cor^»^any's new 
line Cie p 200 MA . 1d 300 MA 
X-Ray Zoinirois lets yo. ~ -ct the 





ctoa 3 ie v^ 
froin CAG 7 un "HE N i) 

These che. - Ary a Pg 't 
OlaDplics- * us on 2 ase 


lof conhe siora ray tucc '^ a 


nignly ver aly ^72 MA unit for one 


or two tube operation. The control 
options and features are designed 
to meet the greatly varied needs of 
all modern hospitals, medical/ 
health institutions, and doc »^v's' 
offices. (These controls cai 7 
with any existing X-ray equ 
Modular design, : dien : 
sembled, preteste: 
also allows you 





Optima X-Ray Control c." “a 
economically any time in th. 
as your needs change. (Makes s. ,- 
icing simple too.) You can charge 
mer modes, add features suc! as 
an instamaneous tube prow |. e 
device, or increase the verso . 
of the unit in dozens of other v av^ 
with additional components, V. ++- 
ever features you selec , yur 
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